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o -L1tt1e 1s known of the d1et of mnature lobsters (Hgmg_ug an_m_-

‘ ;s;gm_ng Attractlon to and selectlon of prey by mmature lobsters m ‘

oo Newfoundlana were the subJect of the present stuqu

' was dete;mmed Br1ttlestars and polychaetes were the most frequently at— ~

‘:.--phase behawour regardless of the quallty of the st:.mulus. _ Cancer ef- '

) nlnhydrm-p051t1ve compo d (NPC) targets were determmed Prolme, '

dem and twp mollusc specres. o

. <t
. 4
.
’ .

fThe relatlve attract1veness of extracts of ter1a§ &gans

Cancer 1rroratus Mytllus edulls and S ;gnoxlocentrotus droebachlen51s " R

‘were determmed by obServmg behanour of mmature lobsters. A11 extracts, x

except that o£ Astena_s_, were attractwe to mmtm-e lobsters Cancer
was preferred over Mytllus a.nd the two echlnoderm spec1es.. I-nmature lob- T

sters were subJected to metabolltes of prey Most lobsters showed alert

(4 fluent was slgnlﬁcantly more effectlve than ecrﬁrols 1n e11c1t1ng food-;'f"-'-'

o searchmg behavmur.- Mytllg and Strongylocentrotus effluents were less}:'-}.'#' :

effectlve stmulants. -" ‘, ,.'. LR . o

a:mnoma argmme and lysme were the most attractwe NPCs. The NPC

l

comp051t10ns of effluents and extracts of ‘var1ous prey were determmed

Extracts of Nerels sp and Cancer 1rroratus had the h1ghest tota.l concenm'“f,

tratmns of NPCs (excludmg urea unknowns, polyammes, and. trace amounts)

Ca.ncer had 51gnlf1cantly hlgher concentratlons of glutamme prolme, L ’ .

f ¢

and taurme compared ’to Astenas and Strongylocentrotus. Effluents of ;"',"' -

2RI
ST

gels and Cancer had hlgher levels of a:mnma than thOSe of three echmo-‘.- : '

Y

a . ',

Selectmn of mtact prey by 1mmature lobsters gnzen a’ cho1ce

-

'
N - “
: N
Y .
-
N4 .
M e o




'l

..‘.

SubstantfalIy greate f proportmns of the ¥ ther prey spec:.es were .~1eft un-

ernt -8

tent analysls i

1%

‘lobsters'.

and 'behavmur of p"rey appeared to mfluehce «~

i
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“It.is vexjy *cautlous and cunm.ng, captunng its: prey by stealth

and w1th weapons--wh;ch 1t knows ‘how'to conceal. - Lying hidden -in a bunch
. 'of seaweed, in a’ crevice aryong “the rocksxor:in its burrow'in 'the mud,.

waits unt11 its v1ct1m is: w1th;.n reach of 1ts claws before stnkmg the
fatal blow. 5 4 ey s n My ;
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L (Enms 1074).

INTRODUCTION-

The American lobster, Homarus americanus Milne-Edwards, is one -

of the most important\ invertebrate predators of the east coast of North
America. It occurs in the inshore _subti.dal zone and on offshore banksA
fro}».North Carolina to southern Labrador {Templeman, 1940).. In the mid-
. .dle of this.range (Maine, Nova Scoti‘a,‘and Gulf of St..Lawrence), t.he‘

lobster is subJect to an unportant commercial f1shery ln' Newfoundland“

S

. 'apart from the _west coast - small lobster f1sher1es are generally concen- . - .

.trated in Fortune Bay, Placent1a Bay, Bonamsta Bay, and Notre Dame Bay .

-

Because of the comnerc1al 1mportance of the 1obster there has

‘.'been a large number of stud1es on the anunal smce Herr1ck (1895) des- :“

"‘“.;,.:crlbed 1ts hab1ts and development Most have been concerned Wlth flshery

e

A ‘ aspects, although studles of lobster feedmg behavmur and hab1tat rela-‘ &
thnShlpS are becommg mcreasmgly common (Reddm, 1973 Breen ’1974 T,
<Breen andMann 1976 Evans 1976;" Evans and Mann 1977 Mann 1977, “‘

Hirtle andMann 1978): T e .
| Knowledge of the. Jfeedlng hab1ts of the lobster has been ‘enhanced |

.con51derab1y* in the last elghty years ' Herr1ck (1895) descr1bed the lob~ S

R -

é;i‘ v
ey o .

i “

ster as cautious and cunnlng, sometlmes capturmg 1ts prey by stealth al—

.' though he suggested ‘that the 1obster 1s ba51cally a scavenger feedmg on-

dead f1sh Later analyses of gut contents d1spe11ed the 1dea that lob-

sters are scavengers Squ1res and Enn1s (1968) Squ1res (1970) Welss ‘

i

; (1970) Mlller et al (1971), and Ennis (1973) demonstrated a w1de .range ."- '

| ';of mvertebrate prey in 1obster guts and suggested that lobsters probably

take prey more or less in proportmn ‘to the1r natural ava11ab111ty Th1s

P

L o, !‘:fﬁ-". RSt :

iy



assumption is ‘an ‘int_egral part_ of hypotheses of lobster - sea urchin -
kelp associations in eastern Canada. These hypotheses implicate the lob-

ster as a key predator of 5ea urchins and a possible ultimate control of

kelp beds which are grazed by urch1ns (Mann and Breen, 1972 Breen, 1974; o
~Breen and Mamn, 1076, 1977) . ' '

E)

Studies o}i Lprey selectmn by adult lobsters suggest that. the
nature of lobster predatlon 1s comphcated by 1nnate food rpreferences | 7

(Reddin, 1973 Evans, 1976; Evans and Mann, 1977 Hirtle and Mann 1978)

o Lobsters generally show a preference for crabs and a -§maller attractlon "
: ';to mussels and sea urchms Evans (1976) suggested that the eV1dence for- ;i'

/ L
prey preference m adult lobsters may force a re evaluatlon of hypotheSes .

5 }

B M-'_""of lobster - Sea urchm 1nteract1ons 1n east%ﬁast-kelp beds : ‘3,‘321 -
L The mecha:usms of food attraction 1n the lobster have been stud- t
aed by var1ous people.' Early observatmns by Herrlck (1895) and Hadley
V "(1912) demonstrated ‘the '-U“POl‘tanCe of olfaction m food detect1on McLeeses.

_(1970 1973c) determmed the olfactory responSes of adu11: lobsters to 4 S ‘

various solutmns from prey SpeC1eS and mphcated am1no aclds as compounds -

B"

' capable of e11c1t1ng food searchmg behavzour Ache (1972) and Shepheard

: (1974) observed that chemoreceptors 1n the lateral antennular fllaments of |

. lobsters respond electrophysmloglcally to a var1ety of ammo ac1ds and
.l:."-”that prolOnged dlscharge may be a poss1b1e mechaxusm of perlpheral dlS- T

o crlmtnatlon of spec1f1c ammo ac1ds (Ache, 1972)

The. stereotyped food searchmg behavmur or feedmg response

-‘ .of adult lobsters has been desorlbed by McLeese (1970) and Atema and Eng~
:‘ strom (1971) Observatlon of feedmg responses has been used to detect

o "the effects of varlous pollutants on lobster behavmur (McLeese, 1973a,

' '..;Atema and Ste:.n, 1974) _3:' o
TG : :
b .‘1,'.\. :
R




- ,":L".'duals ina, stable mtermoult stage.

L space than adult lobsters fgr holdmg stock popuiatlons,

~-f-;-»'by mnature lobsters. 7 'j- ,f"'-'; S ‘ :

W -

T

Irrmature lobsters have never. been studled in terms of theu" ath

. traction to and selection‘of prey Studles related to the potent1al cul-‘-

ture of lobsters were concerned with the nutr1t1onal requ1rements and
agomstlc behavmur of Juvemle lobsters (Castell et- al. , 1975 19763
Mason, 1977; Logan and Eplfamo, 1978 Zeltlm Hale and Sastr)', 1,978)

The . lobsters used in these stud1es generaldy ranged from f1fth to. four-

‘ teenth stage (1ess than one year old) Because these young lobsters moult .

s frequently in. 1aboratory situatlons the:,r metabohsm ‘)}e 1n a constant

flux between moult and mtermoult stages.: They are not partlcularly

;sulted to olfactlon and prey selectlon experments whlch requlre 1nd1v1—' p

Lo - " - -

and remam m
LN e j’ \»

Wi
N \,r

stable 1ntermoult fOr relatlvely long permds

Apart from the pract1ca1 aspects of workmg on urmature lobsters, o

. these ammals probably comprlse a n“umerlcal ma]orlty of the natural lobster

Ty

pulatlon, as the adults are susceptlble to an 1ntense flshe Wth‘h may

' 'take up to 90% of the avallable legal 51zed lobsters (Squrres, 970)6 Ime L

:,‘mature lobSters may have ) cons;xderable effect on the b1ota of the shallowf.,-.'., )

\ subt1da1 zone in wh1ch they occur As food 1s one of the most unportant

»0

P ecologlcal factors controlhng marme organlsms (Mlller e_t __1.. 1971) the'

o

.present study 1s concerned w1th the attractlon to and select1on of prey

e

Because the feedmg behavmur of JJnmature lobsters had not been

o studled before,j the approach of th:Ls study was to look at problems at

) N A . . . I.

‘_!. .. -

I o ' “r - ‘ . o o . N o -

I
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7, .‘ L ' varlous levels where’ attractmn to and selectlon of prey may. occur; rathef i ™
_j"f-:;:_ ) ) than concentrate on one part1er;1ar aspect In the f:mal a.naly51s of prey g, 40 ': .'
—a _ ,..selectmn, the results of the varlo:te expernnents are mtegrated to des- (;.
. - o : cr1be the nature of feedmg Jh mlmature lobsters .and -s'e;/eral factors wh:.ch ;
' = ‘= medlate attreétlon to food and aff'ect the eelectmn of prey - '- ;; ‘:. R ’f
A :.: Speclf1cally, the purpose of th1s study was to determme ‘the i i "
;;- : - ( relattve attractweness to 1mmature lobsters of prey efﬂuent, prey ex?.!' &
.‘ o r : tracts, 1ntact prey, a.hd the ehemca‘l components wh1eh are character1et1c
2 x5 : ‘.-‘ :of partl‘c’ularm 'ecz.es., -Sellecuon of prey by umrature lobsters”nee det r-

mmed 1n the 1aboratory and the natural d1et‘of mmlature‘ .

...l:

acentla Bay was detennme'ci. by gut content a.na1ys1s.. Tbe results o£ the -~

w,s Oy b

foragmg hypotheses (see ‘Pyke gl: a1.,, 1977 for review) and tegrated w th

g4 \the ,present ]mowledge of feedmg behavmu.'r‘of_ Qﬂult lobsters énd t'he'i'r-: 5 ,

1.
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i .. ...+ . MATERIALS AND METHODS , . e
.. . R . » . L : , .. “ z Lo ] . . " . -
. ! %3’ :

Lol oColisct"i;on"jaiic_l‘ holding conditions - - '

PN

e lmmature lobsters were collected from Arnold's Cove, Grassy
\;-ﬂ', Pomt N and Spencer $ Cove 1n Placent1a Bay (Flgure 1] by SCUBA d;vers 11—

censeq by Envuonment Canada A11 1obsters were obtalned from nearshore k

3

talus areas m depths of water rangmg from 3 to 8 metres.

They were transv_,.' =

ported 1n coolers to the Marme Sc1ences Research Laboratory at\Logy Bay

s

and allowed to acc.l:Lmate a amb1ent temperatures before recordmg of md- i"-;

kept in- the laboratory f‘or experlmental pUrposes.

o

The remamder (l 3 g -‘_.'
275 4 g, mean wef: welght of 85 1 g) were analysed for gut contents.

Lobsters were kept in 1nd1v1dual compartments of a long tank

&

- (490 cm x 75 cm x 12 cm), the compartments separated by plastlc mesh 0’]}

AP
A

wooden frames omparﬁnents were labelled to allow 1dent1f1catlon of

A T

e d1\r1duals.3 Water at 12 C 1 C was supphed contmuously from an a o

overhead heated reservon‘. . When the long tank was f111ed to capac1ty, ’ad— :

L dltlonal lobsters were kept 1n shallow flbreglass tanks supported by A—

frames a.nd contlnuously supphed w1th water at amblent temperature Shel--* - '

t4

; e
ter for lobsters was prov:.ded by several rocks and a' scallop valve 1n

'each compartment Natural llght was avallable from three w1ndows on the
north 51de of the laboratory,. } :

o j equal to 5% of the 1nd1v1dual's wet we1ght., McLeese (1972b) observed:" :
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:',1sm when a 1ggxster entelJ ,

e ".‘.Iwere obtamed by SCUBA drvers wh11e collec;tmg lobsters and at other tmes 2

s ';ljfrom 1ocat1ons around the\ A\’ralon Pemnsula;"
S g i'i"talned together at ambient te:g;erature in® shallow f1breg1ass tanks suppllﬂ1

‘ _=-wrth sand rocks, and scallop valves.' Den51t1es were carefully malntamed K \"..,‘-' - '

‘:',:reservou' (12 C C ) ms supplzed to the upstream well at a rate S ’_

L j?gof 3 3 1 per mmute.; Dye tests mdlcated a current velocity of! approx1-"

. cm by 10 cm‘to accommdate trackmg of lobsters m the trough A seml-.:{
- ’.;.":cylmder of polmnylchlonde approxmately 12 cm mde by 8 c:m hlgh was A

N . . ¥
. o \ ! . . . . . .
that feeding lobsters \cod and 11V€I‘ at a rate of 69 of/ lobster. weight -per:

‘ 2
;weelg SUpported healthy\growth If feeding of lobsters was delayed for any .

’

reason, the ratlon was \adJusted accordlngly to rnamtam the 6% feedmg
rate. - _.Lobsters quickl consumed the. food. Any -éxcess .was removed after

two days. The tanks were perlodlcally drained and cleaned to ‘reduce d1a-

.tom and algal foulmg 'l‘he mortahty rate of 1obsters was approxmately

l

' 10% throughout the duratmn of experlments and was due mamly to camubal-

another S, comparunent. ‘, -

Prey orgaru.sms were requlred for many of the expe’rments They

All prey orgamsms were mam- T .'

RN to prevent starvatmn of Tdnuduals. Lop o DT T L e J
L Attractmn to prey extract‘rs S
. i R -
‘-1.',.',-: ; .
i . * R . L g

A wboden trough coated w1th epoxy resm (F1gure Z) bu1lt approx— -

L :Lmately to the speclflcatlons of McLeese (1970), was usegl for all tr1als

S mvolvmg attractlon of lobsters to prey extracts The trough was 1 5 m o

Hlong by 0 9 m. w:Lde w1th 8 water depth of 0 1 m.__ Water from the heated

mately 15 cm per nunute from the upstream to the d.ownstream baffle. e e

The floor of the trough was marked off mto a gnd of squares 10 ' P

i ‘pl;ced at rlght angles to the downstream baffle, 1n the mld—lme of the-, Sy ‘

SEAN .trough 'l‘his shelter for the lobster was capable of telesc0p1ng such that f




N SRR
SRR Jk_ 40 watt bulb with red filter
burette wvth 50 ml of prey’ extract‘- )
- : »- seawater solutlon , .
‘j’nylon strmg connectlon -
s -between - p‘én and observer s | { i
s -'»marker PR S | water level
rIteT NS T ]obster— shelter B o
\ < - ’- -
V. . ‘
' Tl . - olfactlon trough
moveab]e marker on centlmetre e : U : e L .
scale board R LD ey . : -
‘ ;“-water outflow ' N
nmlature lobsters (_ amgrlca__ngs) to prey extracts“ ,
3
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the length of the semi- cylmder was. tmce the total length (excludlng L

antennae) of the lobster

4

‘The. extract was applled to the trough from a burette hangmg
) apprgxmately 2 an over the water surface at a d1stance of 70 cm from the

4 d of the lobster shelter The burette was supported by a

swmgmg rod wh1ch allowed mamtenance of a 70 cm d1stance when the shel- :

wt

ter length was changed

KIS

Near ‘the olfactlon trough was a board (2 cm x 2 cm) selcured to

a tank frame The board was scored_w:lth a scale marked at ;Lntervals of

2 cm, each 2 cm mterval correspondmg to 10 cm on the floor of the trough

' ;‘ A,wooden marker fltted to the scale board Was attached by nylon $tr1ng B

K

i ~ through several eyescrews to a counterwe1ghted kymagraph pen (F1gure 2)

e

.'f ' 'I'he kymograph was fltted W1th lmed graph paper. Movement of the pen was
2 . ,':~ ca11brated such that a 2 cm movement of the marker would cause a pen de-‘“_‘.

e {

'53"4':.«" flectlon of 1 cm [1 e., 1 cm on the graph paper eqwled 10 cm on the

"l floor'of the 'CTDugh) -“'; St ,2‘
e '¥%—77f;- R I R

MOVements of a lobster 1n the trough relatnre to the openmg B
( e -

scale board The rostru'n was the po‘mt of reference on the lobster.“' et

ThlS produced a smultaneous recordmg (mmus a Very small lag due tox?"'

e St

observer reactmn tJ.me) on the kymograph The kymograph Speed allowed' B

U ‘, 20 mmute tr1als< ‘I‘he apparatus penrutted smple, eff1c1ent recordmg of

0' -' - v

§he1ter. -, .

:...'.-

Prey ex;tract - seawater solutmns were prepared from healthy, ._"'1":, BT

Ind1v1duals of gl .

well fed prey organlsms before each set of trlals.‘:_
s:.ze range naturally acceptable to Wers were drled ~thoroughly w1th

'i‘,',r“ o
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- ; ] paper towels and crushed mth a nprtar and pestle 'mto a reasonably un1- .
: , ‘ _ fom m:ucture of body flmds, tlssue, and hard parts. The m1xture was il
,. -‘ / '_ , stralned through a, fme (1 mm) nylon mesh T}ie“re'sultant prey elz'ttract N
. s ‘ o . ', wa.s d11uted to 10"% by volume of a. prey‘eactract - ‘seawater solutmn. -,
_" ~ o Flft)g nﬂ of the 10% prey extra6t¢; 'seawate:-rl; solutmn were applied by '
-_:"__:; : ""..'; E burette m each Atrlal.l- The den51t~1es' (we;ght per umt volume) Of the ‘

L2

prey extracts were determmed on a Mett'ldrf' ectromc -baiance and. d1.- o

s i . L =,

~,byr no more than 1 5%., , 'I'he water content of prey t1ssues~ was de- '

"'L. i e

' '. ph term.med by dry:.ng one dozen each of Cancer,‘ Mn_tg,. Strongylocen;rot;g

v

". '-' :.a:-"

'.' ,:.,, ‘Lobsters from the laboratory stock populatmn after generally

.'-fdays'of food depnvatmn were tested m the olfacuon

ggpre than fou

-
‘

f trough for attractlon to" prey extract seawater s’ol_nt;o_ns of Asterlas :

1en51s 5 'and a seawater control' Lobsters* were allowed to acclnnate 1o

.
'.;"

v<

the trOugh and settle- mto the shelter for one hour at whlch tnne the ex--.

' .: of the scale board marker. - Ex:.ts from the shelter mare descnbed as ex--

o %W -.-',-* e ks ) L

s £ ploratory or food-searchmg ‘behavmur and noted as such on paper along

‘ "-i" “ w1th the t1me Food—searchmg behavmur was -recorded 1fxthe lobster

R i S v el
.:showed vxgorous motmns of the maxllllpeds pere1opod scoopmg and 1ung~
R gl .0
e mg as’ 1t moved towards the st:unulus som'ce.\. These behavmural pafterns'

have been clearly assoc1ated w1th food-searchmg (McLeese, 1970' Atema

_The mean water con- : j -

vulgarls, Cancer 1rroratus Mytxlus eduhs, Strongxlocentrotus drOebach-' e R




, : e .
, and gngsu{om,wn) Any locon%tmn of the lobster wh11e not showing the f .f,". |

above behavmur was classxhed as exploratory 51‘“1 " . i 'r

: ) ‘ Prelmmary trlals 1nd1cated severe 1nh1b1t1om’of 'lobster beha- "_'-‘{-l' g. )
- '.\ vmur outs1de the lshelter dunng dayllght.. Alumnum fo1l eshlelds over the»I.‘-."'" ' { 7"-7'.

L | eyes of lobsters were tned (McLeese, 19705 Im.ual ob‘servatwns sug-— "‘If".':-".f R Ay
i gested that the sh1e1ds caused erratlc behakur; : Consequently, stydxes }

: - of attractlon of mmature lobster ‘to pre)r extracts and all subseque t, ex-

penments Were condugted at n;ght N.V,Themnly art1f1<:1a.l llght source.was'_. o

"‘ -'._ éi ',:a 40 watt bulb covered by a Kodak 1~A red f11ter hangmg over the trough |

Kennedy and Brmo (1961) noted that lob%ter v151on 1 ,fmeffectwe 1n the

': red wavelengths W1th this arrangemenU Iobsters moved ﬁ‘eely about the
trough and Were apparently not d1sturbed by mbvements of the observer. One

I, 0.

or two' lobsters were run in the trough each mght Each lobster was sub- L

i-

Jected to two or r;hree extracts 1n randon sequence, w1th forty mmutes be-l

tWeen each trlal to allow the trough to flush adequately ‘ S
| : No lobsters were tested durmg the1r moultmg perlods or dtfrmg
the post moult penod when the natdral chet appears to he calc1um r1ch

CWelss, 1970) Mﬂ].l Strongzlocgntrotus, and the seawater contro]_ were

tested before the f1rst moultmg perlod of loﬁters in: the laboratory
Aster1as and _1_1331 were tested w1th the same 1obsters several months a:fter :

: the lobster moultmg per1od when these prey were more eas11y collected m - ot
the natural envn'onment- In thlS case, ,the penod of f@d depnvatmn of R

md1v1dual lobsters was the same as 1n the flrst set of tnals plus or

mmus one day Ten other lobsters fed natural d1ets ef Cancer, Mthlus, .

and Strongylocentrotus were tested 1n the fall of 1976 In all twenty—

n,me lobsters (18 females and 11 males) of mean wet we1ght 51 8 g‘ were

A

tested although not all lobsters were subJected to a11 prey extracts.




12,
Several preliminary experiments indicated that individual var-
1?t10n in response was much smaller than population variation. The re-
sults were therefore analysed for 51gn1f1cant differences by a palred
comparison randomised block design, eliminating the effect on calculatlons
of variance due to inherent pooulation differences (Sokdl and Rohlf,
¢ ’1969).. : .
Five response rrariabies were analysed. These were: total dur-
atlon of food-searchlng responses per trlal number of exits with food-
\searchmg behaviour per.trial; mean ma.xmumslength of food- searchlng
- exits” per trial;' total dnratlon of exploratory -TESponses . per trial; and
. 'v;iantegral of the\ﬁood searchmg response curve (determmed w1th a Hruden )
- plarumeter by tracmg the 11ne of the curves’ (see Flgure 3)) The 1ast'

- TR
1 T "'i'varlablewas a fmctlol_l of _a_11 other food.-searchmg varlables and gave

an’ overall measure of lobster attraction to prey extracts.

B

-«

- 'Attraction to prey.effluents

oy
IR

Individuals of Cancer, Mytilus, and Strongylocentrotus were

v maintained witho'ut food for 24 hours in tanks at 12° C. with 20 ml of
seawater per .gr_a‘m‘o‘f organism we.:c weig'ht to oollect effluent with meta- \
bolites. A1l individuals had been well-fed and were of a sizefra.nge nat-
mali_y accepfabie .to} imhature, iobsters... '1ndividoals were carefully- check-
B . o -\. “ed for J:.njories’which might bias the amounts of metabolites in the sea-
| ivater. Ati i:he'.end of the 'c‘:o‘llection»' period th'e organisms ﬁere removed,

‘the tank water was stlrred and 100 ml of effluent for each trlal were

.

4

'f11tered to. remove faeces. ‘ _' o

]

' L - ": - Lo . Lobs:ers from the laboratory stock’ populat ion, deprlved of
L -i food for f1ve dayS were placed 1n flbreglass tanks w1th 1 5 1 of sea- -
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14.
water at 12° C. They were aliowed to acclimate to the tanks for one
hour. No shelter was provided.

A checklist of fifteen behaviour types (see Table 6, p. 33)
which could poselibly be elicited by prey effluents was made, based on
previous obser\fations and those of Atema and Engst;rom (1971). One lob-

ster was tested at a time. Prey effluent was poured very gently into -t}:e
distal part of the tank, away from the.cornerl in which the'lobster‘had
settled. Controls' consisting mnly of seawat'er were ’applie'd in the same
'w'a’y Behaviour ty'pes were checked off on the l1st as observed At the
-end of five. mnutes the tank was - dramed thoroughly rmsed and ref111ed

) W1th seawater. 'I‘he lobster was allowed to settle for one hour before

: bemg tested agaln Other lobsters were tested in the mterlm Prey ef:
’fluents were applled in random sequenCe LAl tests were- conducted at .
nlgh-t. o , ‘ )

Percentage frequencies of occnrrence of .behaviour types ehc1ted

by the prey effluents were tested for 51gn1f1cant d1fferences by G tests '

of heterogenelty (Sokal and Rohlf 1969)
. Attraction- to niiﬂlydrin-pOSitive compounds (NPCs)

The followmg amino ac:,ds and related compounds were obtamed

" from Slgma Chemlcals L1m1ted St Louls, MlSSOm‘l U S A DL-alanme,

L

L-argmme L- asparagme DL aspartlc ac1d DL-glutam1c aC1d 1- glutamlne, E .

g_glycme HCl DL- leucme DL lysme L—prolme, DL- serme, taurme and

' DL-vaIJne. Ammonium chlor1de was obta:med from the chemlcal stores of ' T

""the Memorlal Umver51ty Blology Deparnnent

Lobsters from the 1aboratory stock p0pu1at10n, deprlved of food
: " . RN :

L ST .
-T..;-'z,.,,m' = dF Yy,
-l oL o




s
R . .

; crustaceans (Mackie, 1973). Aspartic aC1d, glutamic aC1d and leucme

! 15.

<

for five days, were placed in shallow fibreglass vtanks (40 cm x 30 cm x
10 cm) containing 5 1 of seawater at 12° . and all_owed to acclimate for .
one hour. . Each tank was numbered for identification of individual 1lob-
sters. Five or six lobsters were tested simultaneously in a single
night. |

- Solutions of NPCs were prepared imrediately “prior. to test‘:‘mg.

The requ1red amounts of crystals were we1ghed on an ‘Oertling electronlc

A balance CryStals were poured into a 14.2 ml glass Vlal and lO ml of \

dlStllled water \Added to produce a 1 X 10 1 M solutlon Whahnan #5 f11- .

B '; ter paper was rolled ‘mto a plug and placed in. the V1a1 to close the ‘
":;:openmg and act as ‘a Wle for the solutmn. One NPC target was prepared
.for ‘each lobster For DL ammo ac1ds double the requ1red amount of crys-— AA :

Atals was added to the- V1a1 to’ produce 1x 10 1 M solutlons of the L ster—

eo1somers D stere01somers do not appear to’. be stlmulatory to decapod

»

were not tota..‘lly dlssolved Vlals contammg the last three amino "acids’

’were st1rred v1gorously to produce a unifori mlxtu:re to accelerate dis-

solution in the test: tanks. Solutmns were. not buffered as the m1n1mum

*termmal concentratlon in the test tanks was presumed to be too low to-
. cause ¢pH changes.. Changes' of pH. between 5 and 8 do not. affect lobster

'response (Leva.ndowsky and Hodgson, 1965)

. Rubber gloves were worn throughout the preparatlon ahd appllca— .

t10n of the NPC targets s handsweat is potent1a11y stnnulatory to in-

. Vertebrates (Zaflrlou, 1972) NPC targets were gently placed in sthe- -cor>

.v'

" fier of. the: ta:nk opp051te to that in whlch the lobster had settled The

' p0551b1e mm1mum termmal NPC concentratlon in the tanks was Zx 10 M\ B

- Lobsters were observed, for ten mmutes The tlme to seizure”

A

LR Ay

|
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’ -‘v"one sample of tlssue extract.

16.
of the target .was noted. Seiznre was_defi.néd as grasping of the target
~ with the maxillipe,ds. At the end o.f, the’ tr‘lal the tanké were drained,
rinsed and refilled with 'seawater. , The lobsters were allowed to rest for
_a half hour before the next trial.. All lobsters were eventually subject-
ed to all NPCs and a seawater contrel, The- gequence of ‘cesting was ‘ar'an-
domised each night. - | o

leferences between percentage frequenc1es of NPC target sei-

~zure and control target seizure. were tested for s1gmf1cance by Cochran s

. Q test. (Sokal and Rohlf 1969) L e Sl el . s
" . Analysig of NPCS ‘in‘prey.tisste éxtracts ‘and fflvents ~ [ .

Prey t1ssue extracts were collected from Aster1as vulgans, . o

: Cancer 1rroratus L1ttor1na 11ttorea, Myt11us edul1s Nerels sp 0ph1o-

. pholls aculeata and Stronéylocentrotus droebach1en51s usmg methods des-

‘crlbed prev1ously Only healthy, well fed mdnuduals of . a 512e suscep-

‘ tible to immature 1ob%er predatlon were used W1th L1ttor1na Nere1s
and Op 1oph011s elght 1nd1v1duals of each genus were pooled to produce 4

Tlssue extracts were centnfuged (6500 g, 4° 60 mlnutes)

~

"to remove partu:ulate matter For each sample, a 0 5 ml allquot of super-'j .- :

"natant was deprotelnlsed by addlng 30 mg of sulphosallcyhc ac1d and

E .centr1fugat10n (6500 g, 4° 20 mmutes) The velume of the supernat-' :

. ant’ was adJusted to 2 0 ml usmg a 0 2 M sodlum c1trate buffer (pH 2 2),
g then analysed W1th a Beckman SplnCO automat:Lc ammo ac1d analyser (Model

121) equl.pped for phys1olog1ca1 ana1y515 Po'lyamme analyses were made

1n a smular manner except that a column contamlng Beckman ponstyrene E

) . Ve L e kR ST e . N
AR ' . - . ‘o . o ‘ . R . 4




of each prey were determmed by conf1dence mtérval analy51s (Natrella,

1972)

"+, Controlled prey: seléction” "

. =one each of varmus prey spec1es ( terlas vulgarls Cancer 1rroratus, ‘ St

, Harmothoe sp., L1ttor1na 11ttorea MYtllUS edulls Nerels sp., 0ph1op_}_1_- o !

. '. llS caculeat‘a and Strongylocentrotg.s droebach1en515) m flbreglass tanks

4 :bemg placed m the tank A rOck and a scallop valve furmshed shelter

. 1_' for the prey orgamsms A1r was supplled v1a an a1rstone., To each t\anlc;" ‘:'r.:,_- ~

.'-"_cholce of at least four spec1es.- Nerels sp and Harnothoe sp were never
B “-offered sunultaneously, . On the few occasmns when Cancer was offered
. smultaneouﬂy w1th a polyc:haete or Ophlopholls the Cancer mdw1duals ." A :

.-:were presumed to be too snnll to 1nfl1ct damage on the other prey speues. f". o R

5

r

.‘ ' _., - \ , . .- . J.‘ 17. | | 3

resin "(Beckman PA 35) and two eluting contentratlons of sodium citrate

buffer (0 35 and 2.35 M sodium, pH 5.2) were -used, : ;-'_ S T

RN

Prey effluent was»s«.'collected'by allowmg"mdiifiduals to rena'i.n |

in separate tanks with 7 ml of seaWater per gram wet we1ght of md1v1dual

" for e:Lght hours at 12 C The prey were removed and the seawater - prey

»effluent stirred mgorously. : F1ve ml’ al1quots were collected and analysed

a

~‘by the procedure descrlbed above. Seavfater controls were also analysed S

S1gn1f1cant dlfferences between ‘fndhudual NPC concentratlons 1'

"-'i e

3 )

Prey selectlon by umature lobsters was observed by placmg

,“'W1th approxlmately 31 of Seawater at 8° Cv., Prey were we1ghed before S . ;

AR was added an urmature lobster deprlved of food for f1Ve days. 'I’he tanks 1~ e

r‘, .

L :-were left und:.sturbed for 24 hours at wh1ch t1me observauons were made.'::.'.‘. R

Combmatlons of prey were arranged such that lobsters had a. R

]

.. _.,... R
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o A In comblnatmns w1th Asterias, no predatmn by Asterlas was observed..~

v In any case to mmmuse prey mteractmn, all 1nd1v1duals were well fed":' , :
and presmnably satlated To prevent escape of prey, the: water 1eve1 was Co

~ . ' ‘o )

never beyond the reach of the claws of! the lobstens Approxlmately 20

lobsters were used in these experz_ments w1th repl1cat1on of three or four L ,_" .

\

tr1als per lobster. Prey orgamsms were of a. 512e thought to be suscep-«

t1b1e to predat1on by the lobSter :m each tank 'I’hey were collected at

o S :.< _‘“ {

.

random from var1ous 10cat1ons m Placent1a Bay and around the Avalon Pen-"

A

1 / L ‘the weJ.ght of the remalns from the orlglnal wet welght of the organ15m.

; .

S1gnlf1cant< dlfferences between percentage frequenc:Le\s of attacfc were de~ S

;‘ ." ternuned by G tests of mdependence (Sokal and Rohlf 1969) leferences

: between consumptmn rates and consumptmn eff1c1enc1e5 for each prey
‘ : ' - | were analysed by Student—‘\lewman Keuls multlple conpanson tests (Sokal :
. and ikohlf 1969) Conf1dence mterval analysls (Natrella 1972) was used .

Between June 4 and NOVember 25 1976 103 mmaj:ure 1obsters
T AR e :
TR SR "j were collected by SCUBA dlverS’ from three Placent1a Bay collectwn s\ites

o (F1gure l p Q) Lobsters were ’collected 1n the mommg to reduce the

‘ 1\\

: ,mﬂuence of drge_stmn on gut contents from feed:mg the mght before



oot : I

i
3 ~ . .19, j
- collection. ’I'hey were transported to- the laboratory in, coolers with | B K

freezer packs ) In the, 1aboratory, lobsters Were We1ghed measured sex S

. | was determlned and two pleopods were c11pped for moult stage determ1na S {
E R “tion (Alken, 1973) o ,ft.f e P B

Lobsters were k111ed by severmg the body behmd the carapace.' s

I

. T _ The thorax w.1th g'ut mtact was stored in 70% alcohol for later analys1s

Guts were exc1sed by d1ssect10n The oesophagus was; cut m1dway between SR TRt

the {nouth a.nd the cardlac stomach and the mtestme cut 1mmed1ate1y be- B LA '_,....‘-.':'.

" hmd ‘the, p}’lOTlC stornacht Gastrollths were scraped off the gut walls 1f"', ‘..'.3' -‘.'-' '
r‘lecessary Wet ‘we1ght of gut and contents was detemuned on 2 Mettler ' S

electromc balance. Gut .fullness was v1sua11y est:mated accordmg to a-

! : "Jj'. . scale of 0 to 4 (empty to "full) Tne gut was then cut open and the con-“" a
:.‘-" . s 2o vv"‘v' S0
R N tents flushed mto a Petr1 dlSh.x by Wet We1ght of the empty gut was deter-_‘...'?—- w

mmed after 1t had &een patted w1th a paper towel ;-' -,f-’:‘- ,'"
: 'I'he gut COntents were flooded w1th dlstllled water and observed AR
S ' o ‘ s

wilE ] AR under a d1ssect1ng m1crosc0pe at 20x magmﬂ:atmn As much as p0551b1e, S

. ) all part1c1es were 1dent1f1ed and pushed to the per1phery of the d1shr, ST Z
RN ‘\ The dommant spec1es ‘was, recorded based oni a Vlsual est1mate of relat1ve v

. 'VOlwne.‘. 'I'he percentage contrlbutlon of 1nd1v1dua1 taxa to the total wl-

ﬂ ‘. ume of gut coritents was est1mated m each case All samples were obser\red S
‘. ‘ thCE‘ tO mlnlmlse errors of om1ssmn. The dlStllled water was dramed : S
=3 o and t.he contents allowed to dry by evaporatmn. Dry welght of contents . .
i Was deterrh‘lned on the Mettler balance. Dry voltm\e was determmed by f.' L -
| RV W

i

pourmg the contents 1nto 2 10 ml cylmder and shakmg v1gorously to / L

. allow even settlement of the contents. - : Gl
ldentlflcatlon of prey hard pa;:ts was conflrmed by reference TR G
S . SR r . ~:.__. o L-'.
T to vanous texts of mvertebrate zoology ang1 prevmus studles ef lob- o
L T ‘




e

" Prey density in Placentia Bay. -

20.

' ster gut con'tents (Miner l950" Weiss, 1970' Meg'litsch 1972). ' To as-

sist in 1dent1f1catlon of harg parts, many invertebrate spec1es were

dried, broken apart and exammed wider a dissecting mlcroscope pr10r

_to gut content ana1y51s

TO determlne the res1dency in.the lobster gut of hard parts
from natural prey consumed pr1or to cathre several unmature lobsters
were mamtalned a.n the 1aboratory on a d1et of cod and pork llver both

of wh1ch 1eave no V151bLe parts 1n the gut After varmus per1ods (two

to 180 days) the contents of guts of these lobsters were examned. ;.J__-‘:‘

4.

were ma:mtalned at 8 C and fed ad 11b1tum d1ets of e1ther Cancer 1r-'-'

.(’

roratus Mytllus edulls or Strongylocentrotus droebachlen51s. After

per1ods rangmg from one to e1ght days the gut contents were observeﬁ

and var1ous meaéures of stomach fullness recorded RPRX f

S1gn1f1cant d1fferences betNeen percentage frequenc1es ‘of oc« ‘
) "" - currence of gut 1tems :m summer, 1ate summer ‘and fall were determmed

by G tests of mdependence (Sokal and Rohlf 1969) 'I’he varlous measures

of gut fullness were analysed by Model 1ir analy51s of varlance (Sokal and

L Rohlf 1969) _‘;:i-l:-j‘j S e

N v T Lot TR . . . - .
|.~ w oo T Y. ) ., . - - e »

LN
B .
v L

PR SN

- . A . RN BTN Lo B R

TR Durmg the permd of collectlon of lobsters for gut content

‘analy51s prey dens1ty was observed 1n Amold's Cove Grassy Pomt
and Spencer s Cove (Flgure 1 p 6 ) A square metre quadrat was drOpped o
RO ‘at random to the bottom 1(3 8 m depths) 1n the collectlon areas by a SCUBA "

|d1ver.. All organ:.sms wh1ch were readlly V1s1ble to the dlver [not under b

To estlmate rate of clearance of gut contents, 14 lobsters RN

.

-




| ol LT g 8 253 a3
’ ) rocks) were ‘counted. - Approximately eight. quadrats were comblete‘d in each . . kS
. . = L i i : : y ‘. ok

“locations. As there were very few differences in prey- densi-" i

. -of the three

i
i ties between the three collection areas,.the results were pooléd to pro- T
;.

" vide a mean organism density in the collection areas in late summer )

’ .
. ! .
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Attraction to prey extracts
¥
There were two. general types of behavmur elicited by st1mu11
in the olfactlon trough The f1rst exploratory behav1our, was shown by
- ‘all lobsters regardless of the quallty of the st1mu1115. .Thls hehavmur

"was characterlsed by qu1ck nond1rect1onal walkmg on’ the perelopod t1ps

, mth the antennae held m front of the lobster at an angle of approxmate- o

~ly 120 to 0ne another Qulte often the antennae Were rubbed agamst the '-,:
L trough floor and walls (Figure 4a) Durmg exploratory forays the flic‘k—w.%
""’Amg rate of antennules was relatlvely constant. . Occasmhal movement of R {

" o
the th1rd maxllhpeds was observed Scaphognathzte fannmg rate was rel---.;'

rSea s

: atlvely constant ’ }
' Exploratory behavmur was espec1a11y common w1th1n a half hour. '
of a lobster bemg placed Ain the :rough Repeated obsewatlons md1cated '.
, 'that thlS behavmur d1m1n1shed con51derably after a half hour By thlS -

&ﬂ S N\ time lobsters generally had settled mto the shelter and rarely, left ex- . - h S

. ""cept when a st1mu1us was mtroduced to the trough A%ter one hour m thel‘
“ "‘trough lobsters were able‘ to. fmd and enter the shelter after explora-
'.;'tory forays regardless of the llght condltlons ’ ) l. '

'Wj, - Food—searchmg behavmur, e11c1ted by all prey extracts ’to some, o
l’exatent ‘ ‘was qu1te chstmct from exploratory behavmur Once the lobster

R had detected the st1mu1us the antennae were usually d1rected in- front of';,.'\‘ SRR

'-,Z‘_i"the lobster, at- an angle of less than appronmately 40° to ohe another :
= The lobster aSSered a p051t10n close to the trough ﬂoor and scoopmg of

: the flrst and second perelopods was obvmus (Flgure 4b) The th:rrd max— ' ,

b
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: durmg an exploratory foray (x 1)
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’

n antennules and fannmg rate of scaphognaﬂutes were acCelerated 'll‘he-"l'ob- a

FRE ) ot .

illipe&s we're frequentlv"fdlded ‘in'to the rhouth/"region. é‘Iicki'ng‘ rate of

ster proceeded towards the st;mulus or1gm w1th very sudden forward move-, i» S
. ments- and occasmnal lunges at the stmulus Thls was 1n contrast to the

f1u1d motwn of lobsters durJ.ng exploratory forays. On a- few occasmns '

O A

e the claws were ralsed and sometunes opened . "4 . :' P

e

- very s1gmf1cant [Table 2) The dlfference between the Mytllus mtegral

: R

M

control Results are feCOIded m Table 1.* F values of the palred compar,

ed a smilar trend w1th the Q_angez; values h1ghest Mytllus values some-

’ what lower, and the values for the echmoderm spec1es generally"‘louest

All prey extracts, except that of Asterlas, were attractlve to
RIS .
nmmture lobsters, 1n terms of food searchmg responSe vrelatwe to the

. .

1sOn tests are noted 1n Table 2 Extracts of Ca.ncer e11C1ted the greatest

attractmn from mhature lobsters, .the mean mtegral of food-searchmg

response curves bemg more r_han twn:e as great as that for Myulus extract f

e

tr1als. Astenas and Strongxlocentro tus extracts were relatlvely unattrac~ "-" AR

t1ve. Seawater controls ‘ehmted few food searchmg responses. . leferences

between Cancer mtegrals and t‘hose for Aster;as and Strongylocentrotus were . u

and that for Strongylocentrotus was 51gm.f1cant. . Integral values for all

prey extracts mt{}a the exceptlon of Asterras, .were hlgh.ly 51gr11f1cant1y r L

d1fferent from the control mtegrals.,' . , S '
: The other tﬂree food searchmg response varlables (’I‘able 1) show-

Ta

B

Tyt

For most of these vanables, dlfferences between g‘émer values and others f e

were s1gruf1cant. .Values, for fhe control were 51gmf1cantly lower than

those for all prey extracts excludlng Astenas.j”
- Duratmns of e)cploratory responses were greatest 1n the con-» i

trol tr1als (Table 1), although only the dlfference between t.he control . '

st st g
e . T

et e CEel et s

. o ool
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% : 1‘?‘!‘ i . . .
K . ’ Integral of “food-~ Total duratmn Number of exits Mean maximum Total duration
. Pr extracts searchmg response of food-searchmg\ per. trial with length of food- of exploratory
PG ey . curves per trial ... TEeSPOnsSes Ppet.. Y food—searchmg searching exits responses per
PR e (planimeter umts) trial (seconds) ~ response e per trial (cm)? trial (secoz.ids)
Cancer T 1:55 . "155‘_;,6:'36, . 2.8+ 0.6 48 + 5 395"+
- - (m=25). .. _ .(=23), s, g o =25) (n=23}) (n=25)
. - ; '5'- a _;A_.' P ; - f
e Mytilus -, T, 17 £.-53 117+ 25. 2.6 0.5 35+ 5 349 + 89
L - (n=25) & . " Mm=25). & . @=25) (n=20) (n=25)
. ’ = . N he . “' e .
‘Strongylocentrotus 117 £ 43 <« 96 £.27 % 1.7 + 0.5 27+ 5 244 + 69
= . - (n=26) B - ) - (n=26)_ P @(.11:26) (n=14) (n=26)
terias . . 67 £ 28 "Ll 66 ¢ 16 1.9 £ 0.4 36+ 6 208 + 71
3 . (=15} Lt m=15) . N ‘ (n=15) (n=10) (n=15)
... R E . .
Contrql ‘e 23% 13 Lo28213 % - L0 Y 46 % 10 447 + 82
& d 2 (rf==26]D . '(n=26),':‘ (n=_26) m=4) - {(n=26)
B3 ) - 4 '. ’.‘ :' " i .
. a based only on trxals in which food—searchmg reswponses were “detected
. - eSS L o o

«
2
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" ‘Cander: -
-Mytitus.

Cancer:. .
'“Strongylocentrotus

.~ Cancer: ...
- Asterias
Cancer:

Table 2

. Prey extract‘
~Paired COmpar1son

-

<

Integral\\f fogd-
_searching yesponse of food- searching with food-

curves

Tesponses

T6ta1 duration -

PR

——r

‘Number of exits

searching re-
- sponse

Bt

Mean maximum
length of food-
searching exits

i

. -Paired comparison F values for responses of immature lebsters (H. americanus) to prey extracts.

*. Total duration
of exploratory

responses

e

Control

Mytilus: -~ .
‘Strongxlocentrotus

Mytilus:
Asterias

- Mytilus:

Contrdl

' aiStrongylocentrotus

Asterias

§;;gggzloggntrotus

- Contrpl

. Asterias:
.Control

© 3.146
11.056

12.632

" 29,235

6.727
4.027
36,079

0.629
- 14, 926

1 078

(22)2

(22)%*

(15')’** S omele, v

£22)"r%

@sy*
1z) -

‘(25)***

(12)

(26)%*%

(12)

" 1,366

6.761

7.770

27,331

"5.666
4.641
38.561

0.814

17.156

. 1.235,

(22

@z2y* -
-(15 )* -‘ .
(22)%**

(25)

*(12)
(25)%r%

‘azy
(26)%**

(12)

0 485
4 581
‘5. 146
A7, 590

57721,
4.111

33061

~=0.844
14.682

’“fip254

(223,
(22)
15)
(22)***

2, 250

(12)

‘(25)***

(12)-

(26) ***

'(ié), A

6.837 (15)*

11.325 (10)*

2.231 (10)

0.136 (12)

2.357 (6"

1.487 (5)

--—‘ ~

1.979

5.371.

0.526

0.014

'1.536
0.683

4.126

1.396
6.524

0.177

(22)
(22)
(15)
(22)

(25)
(12)

(25)

(12},
(26)%

12) .

‘ a number of palred comparisors

b significance not tésted because of small number of food-searchlng exits in the control trials

e ,51gn1f1cant at: p < 0 05;

RE

el

s1gn1f1cant at p < 0. 01' kA

significant at p < 0. 001

§

BN
-~



'~:u,1 Table 4,. Cancer extract. e11c1ted the h1ghest percentage, followed by
'Mx‘til y Asterlas, and Strongylocentrotus. Only two lobsters showed
g food search:mg behav1our at. the stlmulus or1g1n durmg Seawater control

.tr1als. Only the Cancer value was ng:ufrcantly ,g_reater than _the contr_ol o ) v

. tegrals of food-searching re'sponses for 22 iJ!matore 1obsters, each of

) The Camparison (Table 5) mdlcates a 51gn1f1cant preference for ng er

" fifth of the 1obsters preferred,l_&f){tiios ektract over others'. -Stroﬁgﬂ

28.
and Strongyloc‘entrotus values was .significant. The Cancer value was
slightly greater than .the Mytilus value. The latter was greater than
either of the two echinoderm values. .

The percentages of trials in which food-searching responses
were elicited by the stimulus are noted in Table 3. The percentage was

4 . <
highest for Cancer,” followed by Mytilus and the two .echinoderm species,

Very few trials with seawater control elicited a food-searching response
in lobsters. Significant differences determined by STP G-tests are noted -
in Table 3. - |

The . percentages of Jmnature 1obsters showmg food- searchmg be—' '

haviour. at: the stlmulus origin . (70 cn from the lobster shelter) are noted

Tiweala v Ly . ‘
T T e N
s A

value,

An indication of prefererice was detemined by comparing the in-

which had been subjected to extracts of Cancer, Mytilos; Strongylocentro-
N ‘+ : . § ‘ : .

tus, and a seawater control. There were too few trials with Asterias ex-

tract to allow comparison The "indication of‘preference was based on the
' assumptlon that i nature, the greater length -and duratlon of food-

‘ "searching exlts reflect. greater mot1vat1on to attack -and consume prey.

extract over, other extracts, two- thlrds of the lobsters shomng g'reater

integral values for Cant;er extract than for rother: extracts. “Only one- -
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Table 3. Percentage of immature lobsters (H. americanus) exhibiting
/ -
food-searching response to prey extracts.

Prey extract Percentage Total number of trials

. Strongylocentrotus,. < .

Cancer - 92.0 a,s,c1? 25
- (23)b

Mytilus . 80.0-a,cl 125
S

Asterias = - 66.7.s,c1 Lo | 15
. Y ¢ (1) B ‘

e -

Cossge . T g
. ..,, ."‘ .,_.l". "‘(‘1-4.)"“ -: . .

Seawater: control ' 15;4-‘:'_;?' B B 6.

(4)

a significantly greater than: a - Asterias o ‘
‘ : 's - Strongylocentrotus L '
cl - contrpl ‘ -

b absolute number of lobsters responding

p < 0.05

Rt |
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‘Tzitble 4. Percentage of immature lobsters. . anferi'cang) moving to and

-

exhibiting food-searching response at the stimulus origin.

Prey extract = Percentage. - Total number of trials . - o

. -
(oo e

. " Cancer 52.08 . . B :
= R g (13]b "‘ . ) ‘ ;‘
. B / " . .
Mytilus -~ ©28.0 . S 25 - o
r - ) _ . . i . " ..;. > . . : . o . R . o -
B . .. P S T - O
. . ;e . o= e . " i PP o s, R . R ) : b L ) ,‘.' % .
’ . . 1. : ) “ I s PURETEN ' (3)‘ K i e - R : ‘. Y ":. T O
T . AR T AL "-. Tl ) LT e L . B T e |
R .‘:' . ' S;ron: locentrotus, 5 ~19,2: 07 . R L S 0 Y T
. N P . : v = o e ve, syt < s . W
T “ DRI o R "‘_" LY |8 ' R o A ¥ .(5)' B a0 - . . ~tu . ’i o LA A u '
S . % * Seawater control ¢ . " 7.7 4 et e, V26 e c ‘sJ
\ SRR ) LA '_. . . I (2) R M NEREL ., . : i £ '..»._

4. significantly gréatef than control, p < 005 :

; . " b absolute mmber of lobsters responding at the stimulus origin - g B
3 '.‘ , 5T q : . B ) i ; - '-ir ;.
. - . - R 4 \ L. , ot P . R K x
- - ' " a ] ."
. . ] e o '
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Table 5. Percentage of immature lobsters (H. dmericanus) in which prey- :
extracts elicited the greatest food-searching résponse .(inte- ¥
) ~ gral of food-searching response curves, n=22).2
' ‘ .
" "Prey extract : Percentage - a :
_ Cancer - ’ 68.2 m,s,cil
I - SN 1
- . Strongylocentrotus [ G C 45 T
DT Sedwater contrel . st RS L e §

each lobster was offered all extracts in random sequence, Asterlas
extract was’ excluded from ‘the table because of small sample size

msg

' 51gnlflcant1y greater than -.m Mytllus ' '

- s Strongylogentrotus
: : ‘ l—control ‘ e S
’,p<005 e . PN o S

=

< ,absolute number of lobsters showmg greatest response to speuf;u;
o .prey extract . . . :

. . B
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*ylocentrotus extract was rarely preferred. '
Attraction to prey effluents :

At least flfteen behav1our types were observed 1n Jmmature lob-

. . sters subjected to effluents of various prey spec1es (Table 6) These
ate noted below with a br1ef descrlptlon of each. o
Increased antennule fhcl\mg rate was observed 1n most 1obsters ,

! - ,'1mmed1ate1y upon entry of’ the st:.mulus Percentage frequency of occur—

rence of thls behavmur was h1ghest for contrel tr:Lals and 1owest for ( ) .,."~",'"- . i

. R - trlals w1th Strongylocentrotus effluent (Table 6) Percentage frequen"::; L

o ;,'1 : i ;c1es of occurrence of a;nchorlng and rak}_ng of perelopods ) movements whlch (
L -' "-'tended to keep the‘lobster m the tank corner were appr0x1mate1y equal 2
{

‘for tr1als w1th prey effluents and greater for tr1a15 with controls. 2

o There was, 11tt1e dlfference between effluents m percentage frequenc1es - R P

L

' of occurrence of d1rect1onal antennule movement ThlS behavmur was char-'

‘ o . acterlsed as a, d1pp1ng of the antennules towards the source of the st1mu- g
EULE and was frequently olrserVed 1mmed1ate1y after the stimu.lus had been . :

. applled to tge tank ‘ C . ;

For behavmur such as. w1pmg of antennules and a.ntennae w1th

'the mouthparts walkmg approach to the stmulus source, flexmg of max

o . T B .1111peds and ralsmg of the body, percentage frequenc1es of occurrence " AT

Al

) ,"for control trlals were generally substantlally lower tha.n for tr1a1s

a

'-W1th prey effluents I _(j N B B F ;-,:' L

B , Several behavmur types were not observed durlng control trlals. IR

A ) .'Ihese were d1rect16na1 movement of antennae (1 e., pomtmg towards stzm-."-A ‘f! 3
. i

. : ulus source), rap1d lungmg approach to the stlmulus source, retreat o ;
e : ‘:,, . ) . o o AR T e ':,‘. : . . [ R . - . , i
R I . . R o ! et
i : PRI - : wod
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; Prey ef’fluents

-

LA .‘.,mcreased antennule fhck:mg rate 53.3-
rakmg of, perelopods o a

. wiping -of antermules and antermae.
d1rect10na1 movement of antennae

d1rect10na1 movement of antennuies

k 30 0

' 26-_7.-" ‘
20,0

foodvs&réhmg behavmur : _

flexmg of max1111peds

scoopmg of perelopods
walkmgaapproach

' rap1d lung:r.ng approach .

snappmg and se1zmg w11:h claws

mscellaneous behaviom'

.,,anchormg of perempods Yk 43 3,
::bO&)' ralsed AN

= ¢ o 23. 3: y
7-'*‘c1awsra15ed PR =<
», B EE e . ]
act1ve turnmg B o . "6 7.

i retreat -ff" :- = 23 3* )

400-

e R A g L e Strongylocentrotus . Seawater control
P L, et o) (n=30) T (m=30) - (n=15)

60.0 . IR
60.0 '
13.3°

13.3°

6.7

13.3 .

80.0 - ' y
6.7

K
- o ..‘ * . R
2 -
P = = o g
* 51gruf1cant1y‘ greater than control, p< 0 05 ce s
. . .o 3 -
" P ~ L5 ¢ - N - . - - “t o
b ll,, O e ¢ < . . § N oL, i
3 . o o . F . D . 2 - 3 \
LA e, - , 5 i s W QAYE o . . 2 a?' .
oo, " '-‘ : Y S . SR s . L ) = . .
oS 3 = o ot R = e
. .. : . k - * SR RSy P . ‘g
:,-'_ \"," g : ‘. - il - ks 5 ‘. ..\‘.' . *. G2l NER, CoER * S TP T PO Y ST S LI
B e - - 0 . N . :,__-hs--—--'- ) : 5 x




-. . ‘ \‘ | ,. . . | {34.

active turning (constant changing of position in the, tank corner), .

4

g . scooping of pereiopods in the mouth region, raising of claws, and snapping
L . and~'seizing with claws. With the exception of active turning, percen-
tage freqoencies of occurrence of these. behaviour types ‘were highest for

Cancer effluent trials. There were small differences between trials with

Strongylocentrotus and Mytllus effluent in percentage frequenc1es of oc-

currence of behavmur types

For tr1als w1th Cancer and Myt11us effluents percentage fre-

quéncles of occurrence of scoopmg of perelopods a behav1our type char- ’

-."acter1st1c of :Eood~5earch1ng, were 51gm;f1can‘tly greater than for control

IR --trlals PR : e
‘ Walklng approach rap:xd 1ung1rJg approach retreat flexmg of

) ' ": max1111peds, and snappmg and selzmg Ith the claws were all 51gn1f1~ : ﬁ -

cantly more frequent in tr1a15 w1th Can er effluent compared to c0ntrols., |

Attraction to ni:ﬂuydri,n—positive- compou’nds- (NPCs)

Percentage frequencxes of re/sponse ('target capture) of immature
» '.'_, Coe lobsters to vamous NPCs are noted m/ Table 7 Prol:.ne was the most at-

"'.,tractlve NPC followed by ammonla arglnme lysme alamne glycme

‘v,‘."'_. - -

R ' and \(alme, all of wh1ch produced percentage frequenc1es of response 'sig-.

n1f1cantly greater than seawater controls. All other NPCs were attractlve
' o

to a. lesser degree Seawater controls e11c1ted responses in 13% of the
D tnaas T e S e
.l . N --.“ " . EAE ) g N Y

Almost all responsas to NPCs were characterlsed by d1rected
- } movement to the target and V1gorous food-searchmg behavmur lobsters -

SR .;.: - grasp:mg the 11p of ther target w1th the max1111peds The fllter paper

1‘.' i P, " . v‘ o R :
L E Tl . plug was Jamned 1n the \rlal to prevent mgestmn by lobsters. o some. .
[
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Table 7.

sters (H. ameri'canus)' (n=23).

NPC

Percentage frequency
of capture

35.

Percentage‘frequencx of NPC target caﬁtures by immature lob-

a .

Mean response time in
seconds (¢ S.E.)

proline |

- ammonia
: arginiﬁe .

’1y‘sl_i‘.riﬂe: .

vallne
o asparagme“- ‘
C ;glutajnlc ac1d
i glutamme o

: _1euc1,ne

serine

ééparf ic-acid
.-, taurine-

seawater control

56. 5**
52.2%%
47.8%%

4z
s
'v-i.ﬁ.'-;j{ls.-st_ ' N
> '-fljsé;l""" |
g e
3.1 |
:34.3 o

34.8

 30.4

30.4

. 13,07

307
344

.257,

286

S
a6
e
321°

361
286
306

278
0
304

AT 2 L I L S L SRS

T

s

1+

t

.

&

46 (13)2
47 (12)

"51’(11)

57 (11)

56, (8)

56 (7)

£153 (3)

. a. sample size- °

(.j_-‘** 51gruf1cant1y greater than control at p.< 0 01

o g * 51gn1f1cant1y greater than control at’p < 0. 05
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d1cat1ng that a jten- m:.nute observat1on period did not bias results by ex-

- Analysis of NPCs in prey tissus éxtracts ’and:‘efﬂu\ent:e Sl

S Results of NPC ana1y51s of prey tlssue extracts are noted 1n K ‘
‘f"I‘able 8 (see APPENDIX B for add1t10na1 detaJ.ls) A tota‘J;}f 43 NPCs .
'were detected Urea contrlbuted a: 1arge and very Varlable amount > de- :

' ',knowns, trace a.mounts and polyammes) were detected 1n extracts of Ner—
¢is sp and Cancer 1rroratus. Moderate 1e els were recorded for extracts

of L1ttor1na 11ttorea and Ophlopholls aculea"' -

occasitns, the targets were abandoned and attacked several tlmes.

o ‘Mean time to target capture ranged from 257 seconds for argi-

nine to 361 seconds for glutamme. Mean time to target capture. for all oo
NPCS was 298 seconds. There was no apparent correlation between the per- -

centage frequency of reSponse a.nd the mean tlme to target capture, in- -

cluding responsee to NPCs with slow d1ffu51on rates or low ~solnb111t}es.

'--

e

pendmg ot the Spec1es to the free NPC pool. Apart from urea, the most..
concentrated NPCs generally Were glycme, ammonla, taurme, aIanme, glu-~
tamic acid, valme leucme and prolme. ‘ '

The hlghest total NPG. concentratlons (excludmg urea, un-

K

Lowest concentratlons T

1

. ;were observed :m Mytzlus eduhs Strongylocentrotus droebachlen51s and

. . : H o L .. Lo "~. .. - . L LI

' - Asterias vulgarls. ',' e T _- A

s

’I‘he most concentrated NPC (excludlng urea) m the echmoderms

Asterlas a.nd Strongylocentrotus was glycme. Ammonla, taurme, and ala- T ?"f"'-_' R

o nme contrlbuted the next hlghest proportlons to the total concentratlon

-'of free NPCs in these echmoderms In Ophlophohs tlssue,, the most con- '

' centrated NPCs we:re taurme, glycme, and anmoma. L1ttor1na’ t1ssue had" N
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,.':.._.-.‘5, -:-:, "’,;'.-'._- 3» X 2 . ; -g_.
Ta.'ble ‘8 Mean conc‘.entratmns of free nmhydrm—posuure compounds (NPCs) (excludmg urea, Lmlmowns, trace
l'. g amﬂuntS. and polyammes) uf prey f.1ssue extra.cts as. a percentage of the total NPC con<:entrat1o:>n.g |

. .‘._: .\-'.‘:... : N .
N = I . .

oy NPG As;em._g '_Op'hmphohs. ngﬁg_eﬁ" thtormg Mytllus - -Nére'i‘s Q_an&gr.
Rk g rr ‘T (n=3) (!L-l) .o .troths (n=4) ~ . (11=1)b G @=4) .. (m=1)b ‘n=4) -
alan:me o R R 2 R A R T I 9.0
. aiwinid - ":':::.'?' R T 1_1 B ivr T8 LTS AR L e o B . and
argmme "-‘ ‘“'1 5'. 8 8 0 1 :4:0. S PO ¥ 3 »"' 1.0 - <d 1 5.2
;- aspatdgine v - . 0.2 g 5L Pt DT 08 ‘. unresolved 1.0
s acid, . —-'_ '-_' I v LRI ¥ RPN % AN s T JETRR T A -

,-'_'glutamxc acid N 2_;_ 10 - B 26 U e ;‘:3*.-,__';. 45 39 ‘s.048

:glutamme ‘ 0 3 0: 1—_' B LA _73 163 1,9 2.9 a,s;m
glycme RN 70 1 i 33 e s T Es i tigen L 1680 158

- léicine” .'_.:j‘i_ B 5 S T I B T RN | AN R ! 5.4 - -
“iysine: i e 002 N Bege 2.8 -2 S 5 4.9

) J15 . 2.0 5.6 a,s
] . b2 22
D owr aas
08 ) 7.0 4.6
87 CUgea - 174

prol'i.ne,-';".." "-‘" 0 1 '«_' ~'ﬁi'alce' o 04 r
seme"'-."._lij"'{:: 2.3 .-,-':h ey T :1.37."'
tatlrme:ff».:. -V ~'45.2 w T sy
-"valine: v ‘95 -:-', By | by B
other NPCs 7 5 .._z.7-2-_="_ 10»8 _ ;": }..'.'.‘"*'

T

total concentra-—- U -"" TR ‘2 S . el ' '
t10n§ T e 21 394 96 786 e 26 409 i '106 774 39 495 -.286.651  225.626

i h ‘one -sample from: elght individuals.- - .g -not detected L e ) BE :
" - 4 “absolute concentratlon 51gn1f1cant1y greater than ‘a . tgla ‘,. i

- ‘g umoles/ml : e
e e 28 ' P
& , : o
. =% 5 LN
f N . .t =
. P& ) g
e e i . LI
» . - . B 7
-4 N V. , B -
.. - PR TR, R e J-al-ha 2. - ¥ e are b oma de e
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ia see APPENDIX B for absolute ooncentratmns ‘af NPCs in’ prey tlssue extracts BTy @ S '

Strongylocentrotus m Mytllus p <.0:05
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, high concentrations of ammonia, glutan\ic' acid, and proline.‘ The most ' . : -
concentrated NPCs 1n Mytilus were glyc}ne taurlne anﬁonla, and ala- . I |
nine.’ Inﬁw tissue, hlgh concentratlons of ammofria, glycme, ala- | ‘
nme, leucme, and valme were obServed The most concentrated free NPCs ! N '

I (excludmg urea) of Cin_c_:_e_r. tlssne were glycrne, amnon;a, taurme,_‘ alaning , " } | . .

B

_,'andprollne.
Few s.1gnlf1cant d1fferences between mdi\rldual NPC concentra- L o

B '.tlons WeTe, observed beCause of small sahple 51zes. Glutamme concentra-v"'? -

oo : -'t1on was 51gnlf1cant1)' hlgher 1n Cancer extract than 1n extracts of Aster—-- S
o . 1as Mytllus and Strongzlocentrotus. , Prollne and taurlne concentratmns
_ " . of Asterlas. . k 3 :_:’,./‘4 , . ',' . ” ;:, - - l i
' ) .z “,,' ; . - L ‘.-_‘: ._.. ,-"' N - o ...\ ‘.'."‘_}'.

‘ ’ Polyammes contrlbuted a very, small amount to the total free S : I

RN

BRI ‘NPC pool of extracts Cr)ncentratlons were hlghest in’ extracts of L1t- RN BRI K

" torma, Strongylocentrotus and Cancer, d 1owest in Asterlas and Myt- .

Lot e
IR ;
P

ST ’;*111.15 extracts. RS o

X

'I'he comnon NPC 1n prey efﬂuents was a.mmonla (Table 9) ngh--

. est concentratlons were recorddfl for Nere1s sp and Cancer 1rroratus.

- Amoma concentratlon was ‘moderate for Asterlas efﬂuent and low for

P
o

""."'"Ophmp o 1s 1.1ttor1na Strongylocentrotus and Mynlus. : Only trace a—

S "mmts of anmonla were detected :m seawater controls.

’ ] “ S . S FRRETEI .r'-./“_\

Asterlas was the only prey spec1es to produce detectable amounts

-t ,(

.'_of NPCs other than amm:)nla m efﬂuentz.« A relatlvely hlgh concentratmn .';j,_' e,




(unoles/ml) of prey effluents in-seawater. .- . ~° :
cer Seawater . 3
(n=2) -control ' R
. @=2) L
: 0.191 . -trace - . o
one samp,le from elght 1nd1v1dua15 el ; : o IR :
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" Histidine, and lysine. v

Cr

Controlled prey sele?tion i

Percentage frequencies of attack were greatest for Ophiopholis

aculeata, Nereis sp., and Harmothoe sp- (Table 10). These prey were at-
z . "

tacked significantly more often than either Strongylocentrotus droebach-

iensis or Littorina littorea. Moderate percentage frequenues of attack

were recorded for Cancer 1rroratus Asterlas vulgarls Myt11us edulis,

and Strongylocentrotus droebachiensis and wers s1gn1f1cant1y‘ greater than

fqr L1ttor;_ga wh1ch was never attacked

.

For all trlals the mean presumed rate of consumptmn of food

by nmnature lobsters per trial was 4 69% (+ 0. 41%) of lobster wet welght

Rat1os of welght of prey reSLdue to the wet weight of attacked prey are

noted in Table 11. Consumptmn of Harmothoe was apparently complete. In

‘one 'tri'al‘, ‘a few scales.cqmpnsmg a negligible amount of the whole mass

of the worm were not ingested. ‘Presumed consumptiqn of attacked'Nere'is

‘was comparable. RAt1os of prey ‘'residue to amoUnt attacked for the poly-'

R

chaetes were s1gnlf1cant1y smaller than values for all other attacked

spec1es. . The ratlo for 0ph1ophol1s was. s1gn1f1cant1y smaller than rat1os
%
for Strongylocentrotus and Cancer, both of Wthh were above 0.50. Rat-1os

e

Y. of prey res1due to amo1mt attacked for Mytllus and Aster1as were mter-

med1ate between 0ph1oph0115 and Strongylocentrotus Desp1te the apparent-

9 1y 1ow percentage consumptmn of Cancer the mean ammt presumably con-

51m1ed per attack was substant1a11y greater than such values for all other

s R

"’Consi.l'nptior; efficiencies (ratios of amount of prey presumably

L
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Prey organismg

immature lobsters (H. americanus).

Mean wet weight of
offered prey (g)

n

41.

* “Table 10. Percentage frequency of attack of various’ prey organisms by

Percentage attacked? *

Ophiopholis

Nereis

Harmothoe

Céncer.

Asterias

Mytilus

St;ron'gylocehtrotus

° Littorina

.

1.4
0.7
0.5
14.0 _
7.4
$ 2.9
4.1

L .

5.3

46
32
14
3
. 39
0.
71

.46

78.3 1,s&
A 75.0 1,s
71.4 1,s
65.6 1
61.5 ii.
48,61
241
A

N ko i

a4 )

offered simultaneously with various other ‘prey ofganisms
attack is defined as visible physical injury to prey organism

significantly greater than:

p < 0.05

1 - Littorina

s - Strongylocen

’t
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Table 11. Ratios of weight of prey residues (unconsumed) to wet weight

of prey attacked by immature lobsters (H. americanus). ' y

Prey drganism Number attacked Ratio? Mean presumed con-
. . ' sumption per at-
tack (g) -

[} -
13

‘Harmothoe = - ©10
" Ophiopholis © ~ = 736 . 0 307
, 'Ast.eri‘as ' Y S A 0.434

‘Cancer . - 0.550"

0.0 = 0 0.5
a,c,m,o,sk : :

Nereis . . -« 24 o 0.021-% -0 0.8 L

a,c,m,o,s =

+
5,,

- ::

wtitos o "\"‘3‘,03'407, L N

0.061 ° . .2.0

L+

0.056 1.8

.

Strongylocentrotus 23 . 0.528

v . - . N
- 0
. -

1+

0.102 -~ 3.6

s

mean + standard error -

a S ‘
b 51gn1f1cant1y smaller t.han a.- Asterlas

‘c - Cancer . -~ T
mo-Mytilus . 0 o0 D

P -+ -0 - Qphiopholis - .

co e o S - Strongylocentmtus -

D riasemian. L

0, 029 TS W T

S CUUP
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.
consumed to amount offered) are noted in Table 12. Highest values were
recorded for Nereis' and Harmothoe, the former being significantly great-
er than values for all other species offered,-with the exception of Har-

- mothoe, and the latter significantly greater than values for all specfes
except _N_e_rii,_s and Ophiopholis. Consumption efficiency was considerably ‘
lower for .Qpiippho_llls. compared to polychaetes, although significantly
greater than \;alues for all spec'ies with lower efficiencies. Consump-

tion efficiency was very low for Strongylocentrcitus. Despite‘ relatively~

“low ‘efficiengies for- Astérias and Cancer, the mean amounts of these 1ar-

ger specles presunably consumed per trlal were relat:wely h1gh (’I‘able 12); E

'.:',. - mg to percentage of 1obster wet Welght to obta:m an :md1cat10n of prey.

a2

(Cancer) up to at 1east 17, 69’ of thelr own mass and as small as 0.91% ‘

(Nerel ). 'There was a 51gn1f1cant dlfference in mean size between the

small 51ze class of 1g;nored Cancer mdlvlduals amd the class of attacked

Gancer individuals. Theré were 51gn1f1cant dlfferences in mean sizes be- .

tween the large size classes of 1gnored mdlnduals of Asterlas, Strong—,

ylocentrotus , and Myt11us a.nd the respectlve attacked classes.

.Uneaten” portlons of prey from all trlals were observed to de—-

e | - '  termine mode of consumptlon Uneaten portions of Mytllus were compr1sed
»-v of many fragments of shell usually str1pped of t1ssue. A small amount
of shell appeared to have been consumed (Flgure 5) The sizes: of, she11
fragmen.ts suggested ‘that Mytllus 1nd1v1duals were cnshed 0pen by the
-claws, rather than chlpped open by the mandlbles.
" Uneaten- portlons of Cancer 1nd1v1duals frequently mcluded

) complete legs and claws broken from the main body (Flgm'e 6) although

r

R [OY MR R a . LI PSR ] oo . Y =
L, AN PN P : < . L, PRI SR S YOI R
f S T e B R . o oy s el e L
. .« . ST T e o s it AR S ;

Attacked and 1gnored prey md1v1duals were c1a551f1ed accord— -

51ze mfluence on attack rate (Table 13) Lobsters attacked 1nd1v1duals .
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Table 12.

A

offered various prey organisms.

Prey organism

- iR

Mean wet weight
of offered prey

()

Consumption
efficien

Consumption e‘fficienc;!5 of immature lobsters (H. americanus).

Mean presumed
consumption per
trial (g)

Nereis

' Harmothoe
" Ophiopholis .~ *7 L%

‘Asterias

i

Mytilus

Cancer

" st rongylocenfi'otuS“ )

*Littorina =

.',.-4' D
LA

?ﬂ?(4e): e

0.734 ¢ 8
._acl »S

"1“0 349 £ 0.066°

ls

“t

0 288 0.037.

1,s

"0.269 '+ 0.058"

I

0.153 ¢ 0.031 -

1

0.59

0.37

Cearen

ST
0.67 <
2,36

0.58

[ 4]

i p<005

ratio of wet welght of prey presunably consumed by mmature 1obsters R
.to wet welght of prey. offered _ B . .

- méan * standard error -
number of prey offered

" significantly-greater than:

v

a- Asterlas, . --Cancer, 1 - L1ttor1na,' ‘

m - Mytllus, 0.~ Ophlophohs, s'- Strong'ylocentrotus

1
{
'
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1
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Table 13.

of immature lobster _(I;I.

Prey organism

Sizes of attacked an&‘

~

Attaclged

ignore

/ 45,

Prey organisms as-a percentage

americanus) wet weight.?

Ighoredb

small size class large size class

. Cancer
- Asterias
Strongylocentrotus” -

" Mytiluso -

-~

-«

Qphic_xpholis

i{a}nnotﬁbe

" Nereis-. .

17.69 £ 2.

“'5.70 £ 0.91 -

(n—24)

4.64‘¢'o.34"f1'
‘“ﬁFZSI,::

'3;04' 0.28"
O =34

2.00 +0.33

, n=36)

0.99.+ 0.28

,0=10)

. kY

'0.91 + 0.12

(n=24) -

3.86,+ 1.15
(n=8)

.. 3.48 £0.45 -

. (o= 5)

(n—25)

. 248 £ 0. 19*'5 :
o @me10)

0.87 * 0.23
(n=6)

0.5 £ 0,15
(n-,-4)

0.58 & 0.07
; ] (I:l‘=7) .

‘;3 73:% 0, 12!

* 45.40 + 5.80
" (n=3)

2276 ¢ 4, 60*
N (n—lO) L

R ;8 2. 9. 73
(n—23)
'4.73-140;28*j
) (n=26) ’

3.3 & 0; 44
: (n-4)

130
' (ﬂ 1)

o

g

.. mean * standard error SN '
gsmall size class = organisms smaller t_han mean size (as a % of 1obster

‘wet weight) of attacked’ 1nd1V1duals )

’ LS 51gnlf1cant1y dlfferent from Htan 51ze of. attacked mdl\nduals

-

= 'p<005

: . wet weight) of ‘attatked individuals. : -
. large size class =’ organisms larger than‘mean size (as'a-% of lobster :

t
. o
A
."] .
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- f
b3 .
5
A
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Figure 5.

Remains of Mytilus edulis after feeding by an immature lob-

ster (H. americanus) (x 2.5).

46.
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Figure 6.

47.

Remains of Cancer irroratus after feeding by an immature lob-

ster (H. americanus) (x 2).
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- Gut eontent analysi_s'. ’

Ce mature lobsters collected m Placentla Bay between June and November. :

48 .

in most cases, several legs had been consumed. The carapace was generally

fragnented and cleaned of tissue,

Uneaten portions of Strongylocentrotus commonly included large '

pieces of the test (Figure 7), most of which were stripped of tissue.
Few spines appeared to have been consumed. Uneaten portions of Ophio-
pholis consistently mcluded t1ps of ams. Remains of Asterias general-

ly con51sted of whole arms.

~a”

The remams of at least 33 taxa were observed in guts of 1m- e

-

The. most frequently occurrmg spec1es were gtrongylocentrotus droebach-

1en51s, Myt11us edul1s Cancer 1rroratus polyn01ds, Nereis sp.,’ and

Ophmphohs aculeata (Table 14), The number of mollusc species was
fairly’ high, although percentage frequenc1es of occurrence of inleldual

spec1esi were low. Approxmately 20% of lobster guts contalned u.m.den-

'-tified hard parts of b1va-1ves, crustaceans , gastropods , and polychaetes

Various items of questlonable nutrltlonal value, such as pebbles, sand

wood rubber, and plastlc were observed as well Character1st1c hard

Y

: .parts of the var1ous consumed spec1es are noted in APPENDIX C. Contents .

4

"of md:undual -mmature lobster guts are shown in Flgures 9 14

The most abtmdant gut 1tems [m terms of relatlve volunes of

'hard parts) were Cancer ; ratus Qphlgpholls aculeata, MM guhs, .

Nerels Sp., polynoids and Strongylocentrotus droebach1en51s Percen-

. tage frequency of occurrence o£ Homams _@m as domnant gut jtem

-Was relatlvely lugh durmg the moultlng perlod from m1d August to m1d-

S e S abdd el
-.,".;:v:.‘fv.s-—jm’..vw“-_--,., e
NERE e

e -

5 s 23 o ttcne

S .,
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Figure 7. Remains of Strongylocentrotus droebachiensis after feeding by

an immature lobster (H. americanus) (x 2.5).
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Table 14. Percentage frequency of occurrence of items in guts of im- x

mature lobsters (H.

and fall (n=103).

Gut item

%. frequency of

occurrence

americanus) from Placentia Bay in summer , i

- 50.

. % frequency of oc-
‘currence. as domi-
nant gut -item

Echmoderms

L Strongylocgntrotus droebachlensis

Ophiopholis'dctileata

,Asterlas legarls ,

. ‘Molluscs - °

. Mytllus edulis” -
* .:L1ttor;na littorea - "
" unidentified chiton.
..~ Cerastoderma p@ulat
. © Acmaea” testudinalis gar i ;
. miscellaneous bivalves’ and gastrOpods <

un1dent1f1ed bivalves
unidentified gastropods
Decapod Crustaceans :
Cancer ‘i orgt ;
Homarus americanus’

Pagurus 'sp. and Hyas' sp-.

' unidentified cristaceans

T .

Polychaetes

“unidentified polyn01ds
Nereis sp. )
~ unidentified polychaetes;

.Algae

L~
. e

oWy
R N R S RN - NPT B Ay I
.. -t - - 3 -

=

A

= i 7a
S oaN A
.

e« o

T
(FR ]

w

MOnTHE BUANIAWRO o ®

= 3

D T A P

—

(=2
.

PN S,

6
8
6. -
fllamentous algae 2.0
- miscellaneous algae <2.9 .
" Miscellanecus N R .
unidentified pelagic copepod o 29.1 { 0
. unidentified hydrozoan - ' 0 23.3° 0 .
. unidentified bryozoan 10.7. 0 i
umdentlfled fish 2.9 1.0 .
miscellaneous mvertebratcs : <2.9 1.0 ‘
pebbles, sand : .55.3 ¢ 1.0 N
wood fibres . 21.4 1.9 S
tissue bolus “15.5 . 1.9 S
‘Tubber . - 7.8 - 1,0 AU
plastic ... - 1.0™ o0 _ 1
. o P
- e ::—;:wwmwm - 2 B - -
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September (see APPENDIX D). '
When occurring, crustacean species such as Cancer irroratus,

Homarus amerlcanus Pagurus arcuatus, Hyas araneus and an unldentlfled

b amphlpod contr1buted a large percentage to the total volume of gut con-

ténts (Table 15). The same was true, although toa l-esser ex—tent “for . C

A e A ek s e Sab e e oA € e T
: -

m1dent1f1ed crustacean mater1a1 Ophlophﬂlls aculeata contrlbuted a

‘ 51zeable percentage of the total volume of” gut contents when 1t occurred.

Smaller COIItI‘lbuthIlS to the total volume of gut contents were made by

': M)ctll edul1s Astenas Vulgarls Nexels sp.," chlton, Strongylocentro» :

S e 1y et e ¢ s S aay

J§ droebachlen51s and polynm.d polychaetes when they occurred. U

The est:mated percentage contr1but1on to the total volume of

i the :mmature 1obster populatlon d1et from June to November was calculated
| by multlplylng the percentage frequency of occurrence of mdr\rldual gut ' ; . ' 1
AR - itemis by the estmated mean percentage contrlbutmn of the 1tem to the .. : _‘ !‘ \,/1
| total volume of}gut contents when- occurrmg (Table 15) . ,The ‘most 1mport- ; S I

ant. items in th,e 1mnature lobster d1et by thls reckomng are Can Cer 1rror-

atus Myt11u5 edul1s 0ph1opholls aculeata, Strongylocentrotus droebach- -

1en51s, lobster exuv1ae, Nerels sp., and polyn01d polychaetes.t The est-

1mated percentage contrlbutlons of varlous taxa to; the total volume of the "'_‘ ,

. unmature lobster populatlon d1et are shown 1n F1gure 8
Co i Seasonal d1fferences in. the percentage frequenc1es of occur-
 rence of . gut 1tems are noted m Table 16 Percentage frequency of occur-

o Ve ". ) \‘ S ) .
' rrence of Cancer 1rroratus in lobster guts was s1gnlf1cantly hlgher in TN

) o late[ sumner than J.n early' sumner and fall ’I'he same was true for mc1-'~‘. .
i S .‘ ' dence of Homarus hard parts 1n guts Elevated percentage frequem:les of

occurrence 1n 1ate sumner were recorded as well for polyno1ds chltons, . .‘ o

Lacuna v:.ncta L1ttor1na httorea un1dent1f1ed b1va1ves, and Strongz o- L e

v . . ‘ -~

\
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Table 15. Estimted contfibutions of prey items to the immature lobster

(H. americanus) diet. : . B R

o b~ rs

Gut iten Estimated mesin §- Estimated % contri- .,
. . - contribution to  bution to total.vol-
i o " - total volwe of . ‘ume of population

- aarbusni 4T,

. BV Lele vt . -

PP T A TP <. . CL .
wh g d P N . N . .

gut contents = . "d1et L . N T
: ‘when oceurrmg O o
L st PP A i
W Echmoderms S Ve e
' oo Strongylocentrgtus drogbachlensm« AR T A L6 R .
e e ‘Ophlopholls aculeata e T 33,30 113 : et
B SRR TR AS_I___EI‘I vx_ﬂg____sarl '_?" S kR8T S Y oy
e T ,Myulus Q is, oo Tl w76l SUE1206 DI
AR unldentlfled ch1ton g 1. L2457 ' o
' " : Cerastodetma p.;mmlgm 5 0.9° .
‘ A@_QQ ‘ s 3T 0.4 " i ‘
.- miscellaneous’ blvalves and gastmpods <137 1.2 oy
inidentified bivalves . T N ) . 1.5 gl
'~ nidentified 'gastropods: - . ' C2.7¢ c 0.5 iy
. Decapod - Crustaceans S - 103
\ + . Cancer irroratug L 27.8 ~14.8 3
. .% 7+ Homdrus-americamus | Colon 426 ‘6.6 : : g
. . - Pagurus sp andﬂa@ sp. TR -2 LR - 1.8 cEe
v - 'urudentlfled crustaceans S enl 3.5, ! ; o
i~ oo - -Polychaetes .. . o K L LA
un1dent1f1ed polynozds DR 3 I v 4127 o
- Nereissp. R B T S 6.1
ool umdent:nﬂed polychaetes R R ¥ V0,67 :
SN ‘Agae - " o ‘ A
- fllamentous algae ATPORE 6.1 0, 2.00.
mscellaneous -algae " g - <2000 .. L N ¢ N :
M15ce11aneous oL s e T ;
. o umdentlfled “peligic. copepod< S RS 15 S 03 -
d o - unidentified’ hydrozoan C L LT 0.4 S
V) “unjdentified. bryozoan - 3.1 0.3 : ‘
wnidentified fish. : . -20.0: i 47046 S
. .7 miscellaneous myertebrates o <60.0: - S 08" P D
... - ' . pebbles, sand . et T . L.2.8° R OF-4 L
. ..rwood-£ibres - S e C19.67 . O S S
; ~tissue - bolus 120.0, iy T w301 .
O grubber . B R0 5 TR . 0.8 : :
L f plastic - . - 10 o 001 - :
N T ‘_'amorphous mater1a1 N - 8.8
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- Table 16. Seasonal differences -in percentage frequency of occurrence of

gut items of immature lobsters (1_-1_ americanus) from Placentia

Bay. : .o
Gut item . Season .
- ) A B C
. June to " late.Aug. Oct, _to—-
: _ mid-Aug. to mid-Sep. Nov. . \
(n=46) (n=24) (n=33) J
Echinoderms - . : _
Strongylocentrotus droebachlenszss 73.9 87.5 C% 57.6
Ophiopholis aculeata 26.1 50.0 33:3
' ' Asterias’ vulgaris 6.5 0 © 9.1
Ve Molluscs . r
: : . Mytilus edulis 50.0 75.0 . 81.8 A
R X . Littorina littorea" - 8.7 ©.58.3 A - 42.4 A
R ;', _ .unidentified .chiton . - . 15.2 *45.8 A,C $15.2 -
‘, o e Cerastodemadpmulatun S -17.4 C16.7.% . - 15.2
U .. Acmaea teéstudinalis' ’ . 17.4 C 12,5 0 -
©Fre W T niscellaneous: blvalves/gaStTOPOdS\' <13.0., <16.7 - < 3.0
AT DRI "unidentified bivalves " 6.5 ‘45.-8'Af.. 18.2.0:
I 1m1dent1f1ed-gastropods "15.2 +29. 'Z' i 212,11,
. -+ . Decapod’ Crustaceans - i - P
1 N Cancer rroratgg,_ e : 28.3 91 7 A,C ~60.6 A .
g ]-_igﬁ_\g___ americanus ~ 8,7 -50.0 A,C. 0
Pagurus sp. and Hyas sp.” * ., . 4.3 -0 < 3.0
e unjdentified crustaceans - 21.7B 8.3 15.2
C b Polychaetes L : : S
T ...+ unidentified- polynoids _ .28.3 91.7.A,C 42.4
ERSER . - - Nereis sp. 34.8 62.5 " 30,3
R umdentlfled polychaetes ’ 15.2 42 18.2
-~ . Algae” - . T :
o f1lamentous algae . .56.5 B,C - 12,5 12.1
mscelléneous algae . S < 4.3 4.2 < 3.0
s ' Mistellaneous - . S B S
un1dentif1ed pelagic:co od ' © 34.8 ©°12.5 1 33.3 -
. unidentified hydrozoan 19:6 16,7 333
r unidentified bronoan ‘ ‘1946 C - 8.3 0- -
wCE s .o unidentified fish 4.3 4.2 -0
b0 miscellanedus- mvertebrates <6.5 N '<-3.0
] SN pebbles, sand” ¢ : :78.3 B,€ 37.5 . .36.4
U -'wood fibres. .’ 25,9 | 12:5 . 2.2
b vt Lootissug bolus L 2+ 17.4 8.3 -18.2
_. : ,\‘ ‘I’ubbel' 3"‘;:'."“". j' R X S 2-2 ’ 20-8 o b 641.
o e p1ast1c R R n2i2 e, 00 0.
a s1gmf1cant1y greater " than A'="Jime to m1d_ Augus = late August-'
to md—September' C —;October to November p <; 5‘ b

ST e e e e e e e, S RS !’
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centrotus. High percentage frequencies of occurrence in immature lobster
Buts in early sumer relative to Gther seasons were observed for umiden-

tified crustaceans, Acmaea testudinalis, Lacuna vincta, bryozoans, and

' filamentous algae. Cancer irroramg, Littorina-littorea, and Mytilus

g@_l_jhs were more common in lobster guts in fall than in early summer.

No immature lobster guts were, completely empty, although some
had only a few haAi parts of animai s remaining. There were no 51gn1f1ca.nt
d1fferences in gut fullness estimates between seasons (early sumer, late
sumer, fall) (Table 17). J

Res:Ldency of prey hard parts in guts of immature lobsters is

noted 1n Table 18. The general »1nd1cat10ne is ’that prey hard parts cap.re-”

'

’ maln in ‘the gut for over 90 days._ Mollusc and crustacean shell and poly-- :

chaete Jaws are apparently not ea511y dlgested or evacuated Hard parts

‘ of polychaetes were observed in guts of lobsters 180 days after last nat- _t S T

Vo

" ural feedmg

Clearange of gut contents of 1mmature 1obster5 on smgle species
ad 11.]:11;1111 diets is noted in Table ‘19. Ratlos of gut content wet welght
o lobster wet welght one day after feedlng were 1.7% and 1.3% for gm

and Strongvlocentrotus diets re5pect1ve1y [Rate of clearance is inferred

‘ 4 \

) f,rbm comparlson of values for lobsters at d1fferent stages of food depn-

va,tlon Clearance of the gut showed an apparent negatlve 11near relatlon- .

' shlp to duratlon of food deprlvatlon. The rate o£ gut clearance was great-

er for lobsters fed a d1et of Canger than for those fed Strongvlocentrotus

‘ ;After three days of food depr1vat10n, ratlos of*gut content dry welght '

- 1o lobster wet welght for a11 lobsters were smlar rangmg from 151 10

SRR ?"}LO 1n lobsters fed gg T to 1‘51 45 X 10 -5 in those fed Strongylocen- --

.y,
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. Table 17. Various estimates of gut fullness of immature lobsters (.
¢ .

- americanus) from Placeéntia Bay by season.2

Estimate of gut fullness . . Season | <
“ . June to - . late Aug. Oct. to

mid-Aug. " to mid-Sep. - Nov. T
! {(n=46) (n=24) - (n=33) :
Ratio of gut content wet 0.0099 + 0.0009 0.0101 + 0.0013 0.0076 + 0.0010
weight to lobster wet o , e
weight s o | L

... Ratio oF gut content dry 1323.36 & 37.52) 316.21 £ 59.12 105.35%% "33.54 -

Lo oo b weiglit to, lobster web: v Tl Tt e T e T T e

re.. R ..welght X 105 I T T R P N R T
’ B o N N P . . : - - . . T L . -‘:v (,.-»‘b::". ,/ :

or * e .A.
T

TR J-"',;‘":,Ratlo of gut Emteit dry 968 92 101" 77 1011 32 _‘ 185 16 896 03 152 os
oo D0 volume to lobster wet L ST
. . B '.'we1ght x 105 R LA Lo s e

+

v'lsuﬁl J.ndex of gut full- 1.89 ¢ o 21 2.04 + 0.29 1.73 2 0.21
" ness . . . S ' P L

@ Mmean * standard error -+ .. 0 - L
. b based on:a, scale of D to 4 (empty ‘t0 full) ' ’

=

LN

\
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' .
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: R
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Tablela -Ré"'s"i&ency of prey Hard Eax;ts_;.:in ‘gquts ‘of immature lobsters (H. americanus).

{ o~ .
f A'_ Sagw 7 Cut item .- T o Nmber of days smce capture or last natural feeding .
i

T2 s 6 .10 12 - 40 :_bo_ 76 80 9 100 160 180

' ".‘--'tmldenufled crustaceany' LY A / A
:'.'{Nerels L SRR "":;'- / U / o N2 A v
>"'-“.-P°1Yn01d pOIYchaete ;..«';f ey AR
-':'_':L1ttor1na 11ttorea ,/' 4 ‘ o I
;i\mldexltlfled gastropod "‘_: R V / Co y / :, A- ,‘ Y v v/
ML edulls '-_.-'f' .,.‘ : / - . . o e,
E “'-‘,mldentlﬁed b1v-a1ve oy

.;x,ZAsterlas vulgans i oS

A
e}

o

"'f,}ﬁ"'Strongmmug ‘"/ A A R : 2

rj;'-‘Ophlophohs aculeata :."._.. '_.V ‘ R 3 "-"t T \ /

_'-_‘». g / mdlcates hard part observed in lobster gut -

- R N S v el . o N
,€ A e e T ! .

“1S

oo N P B , e . PR K 2 . o . ]
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Table 19

e T
N

Estmate ofgut :fdll.tless'

PR SACEE L. .
. A=
- B

by varmus est:.mates of gut fullness

" Diet

ﬁ

.iI-‘{Li

<z,

.'i:

..r}_z,:_ .

-3

Clearance of gut contents of mmnture 1obsters (H @encangs) at 8° C. as mdlcated

+

:Ni.i'mbet of‘diays since feeding

Rat:Lo of gut content wet -
Lo oweight tg 1obster wet
O welght Lo e

\j- o

Ratm of gut content dry

. weight to- gbster wet

Ratm of gut content dry
T icitipns
.—'My;ilns';

-Stron gyloc entrotus

".volume- to- lobster. wet
Welght X 105 Co

V15ua1 mdex of gut
fullneSSb -

/

.Cancer
U Mytilus -

o Strongylocentrotus

Cancer o

-V.Mytllus L0

' . Strongvlocentrotus :

Cancer - R

0,017

: ‘(n-l)

L

‘(n=1)-

365.85. ,
- -(n=1)

: 0'. 0'1:'?_
Clm=1)
T 474,87 - -
. (n'l) L S

-;1271;93~7

m=1), -~

4,000
- (n=1‘3_{i; e

200

(n-l)

£ L. 006”3

fo:q12‘5
el
©20:151.10 £ 91.3

. 225,00

_ S (@=1).

. 1690.82 % -t
TR | 634:04 &

416.66

;}; 3.007
~'(n=1.).' -

0 0.007 &
.0.006 *

170,87

'5_.72 4] +

+°0.003
ﬁr'3) :
0.003
01—3)
0.004
(n=2)

(n"S) H
110. 2
S (n~3)
181 45 &
- (n—Z)
628. 81 + 283.0
R (n'3)
347.6
GT'S)
227.6
(n=2)
1.33 ¢ 0.7
@v3)
. 1.67 £ 0.9
(n-3)
1. 00 1.4
- (n=2)

.'745

0.004 + 0.002 -
(n=2)

- 0.004

' (n=1)

85.42 + -
(n=2)

35.1

- 23.07
~ ‘ (n=1)
505.33 + 217.6 -

- (n=2)

109.89
(n=1)

.1.00 £ 0
(n=2)

(n=1)

1obsters . on ad. 11b; d1ets

»
PO

i . -
.. b .based ‘on a- scale; of 0 to 4 (empty to full)
K-8 no' sample L wh

"8S

L O PR PO ST T} g



Gut contents of an immature lobster (H. americanus) with a

high incidence of remains of Ophiopholis aculeata (x 4).

a - Ophiopholis vertebra
b - sea urchin spine
c - part of bivalve shell

50..
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3

Figure 10. Gut contents of an immature lobster (H. americanus) with
opercula of Littorina littorea and remains of Cancer (x 3).

a - operculum of Littorina littorea
b - pereiopod of Cancer irroratus




Figure 11.

61.

Gut contents of an immature lobster (H. americanus) with a

high incidence of Cancer irroratus remains (x 3).

a - part of claw
b - portion of knuckle
c - tip of pereiopod



Figure 12.

62.

Gut contents of an immature lobster (H. americanus) with a

high incidence of lobster exuviae (x 3).



Figure 13.

63.

Gut contents of an immature lobster (H. americanus) recent-

ly feeding on Mytilus edulis (x 3).

a - piece of shell
b - byssal threads
c - Mytilus tissue
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Figure 14. Gut contents of a recently moulted immature lobster (H. amer-
icanus) with a high incidence of Cancer remains and mollusc
shells (x 3).
a - tip of pereiopod of Cancer

b - bivalve shell
c - gastropod shell
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Prey density in Placentia Bay -
Densities of subt'idal»orgmislls , based on 24 one square metre
quadrats in the Placentii Bay colleg_:j:'idn:s,ifces,‘\aré noted in Table 20.
Strong)*locentrotﬁsiwas'b)" far the most abundant -observed’ organiém. In

Spencer s.Cove," 11:_t_or;na hmr_ea wads the Second most abundant organlsm.

Am_&eﬂ ts_s_tj.;slmélls Wnlg’ed__s and burromng anefones were teason- ..

- ably :Ibundant as well Ob‘served densrcles of crustaceans were low., Ob- 4
serva\mns ..Lmder roka 1n all areas suggested a h1gh inc1dence of _poly-"‘
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’ Table 20.

Organism

o . 66. .

* :’}n late summer and fall, 1976.

Number of individuals per square
metre - mean £ S,E. (n=24). '

Strmgy,l_,ggentroms gL_r_gebachlens;g _
o a : L11torma ;ttore o " . ' 15 8 £ 4-."5._' o . L f

42 2 & 6.4'

-

79"" 0 Ag!!ﬂ a ceStUdJ_.]Laj.]j . : ’ . . “’ 11_‘0 .t 1-4 \ ':‘ T . 5 o o:\l e ‘:l. . :
¥, * v B o L o “"cl B oy ‘ < N s el e w 3 <2 lIGH
AT ) B, B e BT v TP T R S i
W L B M}'_tl_ le_.llﬁ O R T  sdh 6 9 E A A -'..-"-;‘::'-‘T"" b

g o mldentlfled bui'rowmg anemone W < ¥ - Y
B s > ¢ . .7 .A o ‘:.l :. N ‘.:'- , ". ; . . ‘- TR ~.. - .“-. ) .; f
Moe ot j:». Volsella mod1olus ,_.{ 2 A I g 7 y e
i % Ag;enag vulggns . S o i o 19; S 1
e ;ni;m sgn_lg T o 0.4 S
. un1dent1f1ed ch1tonb D O A T ..‘" 0 9 0.4 ' g e g R
ST s Ganer Hrroratus ML ozr‘o:.l. SRRt |
s G B , y o o S i e T .
A i . Qphipph'o_l_i_s'.a_cul_.gi_atgb s : .‘ ’053‘¢~'9-2 S R
1 N Crangon septemspmosus W e BEEY . "0 1 + 0.1, g T B
.--:‘ N . o o F B B NCH R o g . "
vy N '-‘._' . . ' ) .‘ ’ . -._ + : y 5 ';
e ® Hlaxella arctlca R S 0 1 % Q,1:: s o P!
Fa Hyas araneus BB TN 28 EE B 0 1 t LA 4 B
: et e, "-'" ' o ‘ " "'-';-: t}. ‘ ".'- S .,-. = o aa) . M et 'f'.‘ ::.f, " .
B K ' F ‘ . i e . S g g .. g . .‘.: R ." e ", _".",v.‘. : TN, :“
a obseth-d only in Spencer's Oove P LTS @ ST e L
h ‘these: organisms -are cryptlc, therefore, the observed number of md1v1- p” 9 i
duals per square metre 15 mreahstlcally low ._‘ d '_"’ ;o WL PP Kk

uch organlsms as nemerte:msJ polyncud polychaetes, and Ngm;__ §Bps. .
were ‘observed tmder.rocks. -No ‘attempt.was made to quantlfy 0 erva- L :_‘
tlons of ‘any individuals not madlly visible to the diver,, Dhta on. .. 170
” dénsities of. such orgamsms in’ Placentla Bay were. collected by Sw1ss 1 T
and Osbome (1976) i Lo TR e Tl et

B
Ltal o
0

%

T
5 -3 W .f--—v-q--\

.
o ut

Densities, of subtidal organisms in Placentia Bay (3-8°m depths) i :
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of lobster and shnmp ft"'-The percentages of umtature lobstyrs 1n thé pre- -

J

Attrac'tir'm‘: to prey extracts

and clams, 84% for cod extraet and greater than 90% for tests of extracts ",-__; 'T;j.«'

-..‘ of adult lebsters noted by McLeese (1970 1973c), although hlS ec.hm -;-: T

o noted 1n H g by Mack1e and Shelton (1972)\ '

. 'DISCUSSION' - .

.
.

The attractlon of lobsters, Hm_x_s menggms to tlssue ex- e

tracts of var1ous prgamsms has been known for at least elghty years

(Herhck 1895 Hadley, 1912, Ache; 1972 Atema aind Gagos1an, 1973,).@ :
Leese (1970 1973c) observed "barner responses" (percentage of adult 1ob-

.;__, ,

sters reachlng the upstream barrler of an olfactlon‘Etmugh) of 13?4 for
testsfof extracts of sea urchms and starflsh 75% for tests mth mqssels ‘

'.Jm«w.u, S

sent study showmg food searchlng behavmm‘ are) s:.nular to the responses

derm extracts Were cons1derab1y 1ess attractlve than such extracts ln the» , ‘ia
Present study ‘ | . o
Yanablhty of response among nnnnture lnbsters was h1gh, wh11e. 3 '
uxdlrldual vanatmn was cons1derably lower..‘ S1m1lar I'ugh Val'lablllt)' of SR
popl,xlatlon behavzour Was observed m H gmegs_gm& by Scrwener (1971) and

Populatlon response
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I n

» the spec1es (McLeese, 1970,/Atem and Engstrom, 1971, Scrlvener‘ 1971

’

e ' Atema and Stem, 1974] Atema and Engstrom (1971) 1nd1cated three levels

% actlve 'feedmg The behavmur of mmature 1ohsters descrlbed as "food-‘ A E .

search:ng"’ 1n the _present~ study qorresponds to the pre—feedmg p}iase de- , -

v

scrlbed by Atema and Engstrom (1971)._, w ":"‘

dur;ng tnals W1th Cancer extract md1cat1ng aggreste behavmur as de-_‘::';‘.;
scrlbed by Atena and Bngstran (1971) Scr;vener (1971], and Hoffman et _1. S
(1975) These drsplays were q;uckly L;eplaced by food search:mg behavmur '

It is sugges t'hat thls "aggressive" behav;our 1s very smular in ap-

,y be some d1ff1cu1ty m mterpretatlon and terrrunology o-f

»

5 it ult:mately resulted i, food searchmg behavmur near ty ’._ :

B s o~

the stlmulus or1g:n, regardless of .the mot1vat10na1 context (hunger, ag- 7 ‘ 3 |

‘~\.

gressmn) 9 the“behavmur. -‘_’.‘-{" _ . _j e o ‘_»’,'_“.‘:,L .:-',7‘_‘ R } :

Because there were ho, appremable differences m dens1t1es (welght/
urut voltiﬁe) of‘ the extracts, dlffusmn to the downstream end of the\brough
where the lbbsters rested was presumed smular for each extract and there-

o
q.,;-.

-t'he'prey extracts the d1fferentlal attractmn of mdw:,dmﬁ‘

:‘;'5;".;#“rﬁ'!f;.i:*'.;fﬁ'k*‘ i

s

b

. of response to food stmuh' the alert phase, the pre feeding, phase;. and / 5
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- - Prey preference of immature lobsters was indicated by comparing

the mtegrals of food-seaﬁ}ung response ‘curves. for the varmus extract

» S : trlals of each 1obster. Imature lobsters showed a s:Lgnlflcant preference
for Cancgr extract. Approxmntely 20% of the lobsters preferred Mzt11

T " L extract over other prey extracts These observatlons 1ndicate that olfac-

tory preferences of nnmature lobsters are 51m11ar to. actual food pr .ferences,_v,‘}.v '

: L _ of adult lobsters., For exanple_i:Evans and Mann (1977) noted thet adult

lobsters prefer C gr OVer S 1ggentrotus, and Elner (personal com- e

munlcatlon) observed a preference of adult 1obsters for Mytllus over S ng

roet
T IR . - -

, ;" xlocentrow . I 1_ “"'-.,". _‘ S
' v McLeese (1970) noted m adult 1obst~ers a hlgh correlatmn between'_ :

‘ e walkmg/ and feedlng responses m olfactlon experlments. Th15 1,s to be ex—‘-‘_'_
: pected as Successful feedmg in nature may be dependent on movement to ' j

food In the present study, 1ocomot10n was an. Jmportant component of food-"‘ -

' searchmg beha\rlour durmg tests ‘of preferred prey Eor hexample ‘Cancer - .' .

4

a _‘ extract stmulated food- searchmg behavmur at the stlmulus source: m at, j,.; - Ia

‘ _: o .I; ;9 1east 50% of the lohsters tested wh11e less than 30% of the lobsters show-l

IR
av

ed food—Searchmg behavmur at the st:mulus source,durmg tr1als w1th each

~ L of the other prey extracts. ", "
_ oo Exploratory responses by munature lobsters m-the olfactlon . ._..; By \
N trough were 11ke1y e11c1ted by the mtroductlon of the control or extra(:t L

) o

st1mulatmg mechanoreceptors m the lobster and subsequent locanotlon. A SR

N Wlth the exceptlon of the d1fference between trlals w1th controls and
, Strongxlocentrog.s extracts ’ there were no 51gnlf1cant drfferences 1n the

duratlons of exploratory responses dur1ng the d}.fferent tests mdlcatmg
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'%_Bﬂ‘ﬂiﬂ?h to—prey’é?fluents L | .
McLeese (1973c) observed barrler responses of adult Homarus -
‘ m;gm "to0. prey effluents of Cang_e;‘ Mﬂllus a*nd Strongylocgntro ‘

| "}of 13% 6% and 10% res.pect1ve1y.-
“t the percentages of lobsters 1n the present study showmg rap1d approachesf};f":
o to the prey effluents are szmular to the lobster barner responses ob—-- ‘
: f"Aserved by’ McLeese, Can\;er effluent apparently bemg more effect:ure tha.n L

,che other prey effluents in e11C1t1ng the ap’;;:'oach response. ‘,

*"sters to waterbome odour of mtact 11\r1_ng crabs (Car_cggs m) , sea
o urchlns and mnssels and noted that the percentage frequency of 1obster

: \reSponse was h.1gher and the response t:une shorter to crabs than to sea

Desplte d1fferences 1n test procedures,,‘f__"\.' L

- YL . -

letie a.nd Mann (1978) observed p051t1ve responses of adult lob- RN

urch_ms or mussels.A Whlle Jmmamre 1obsters show a s:mllar gradmg of :

1

responses, the percentage frequenc1es of food searchlng responses were

somewhat lower than those observed by letle and Mann (1978)

‘ W

‘- ".‘ ¥

c1ted mcreased antennule flrckmg rate and anchor,mg and rak1' '
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(most probably by the . antennular aesthetasc halrs) However the fact

e

that most of the alert phase behavmur types descmbed by Atema a.nd Eng—

: - strom (1971) were observed after entry o‘f seawater controls suggests a

AT R B/ A it S R e b

SE general response to entry of the stlmulus rather than a sqec1f1c chemo-- T .
e receptor res-ponse. Th15 general response may;,have been med1ated by mech-",.‘._‘ Pl e
' i *anoreceptors. g DT T j. ‘ '1 IPIESTRRE S

S T Mechanoreceptor capab:t 1t1es a‘re present J.n cutlcular halr-fan R ‘,'
S e ; \--’~"7"""" .,M‘ Tt .5':‘ _,g,

EPERLI R \

_ , %fhd halr-pex organs «of H. mlgems (g_m) (Laverack 196Za b) an% in. e n
: . ha1rs of the antehnal flagellum of the same ammal (Taza]uv 1977) Entry ; } S

of the st1mu1us probably caused V1brat1ons in the. tank water Wthh Were . ‘.: S
e y detected by 51m11ar cutlcular organs of the Jmnatt;re lobsters in the pre- . e
B R sent~ study It 1s poss1b1e (at least 1n the laboratory) that detectlon -
RS of water mcvenents 15 a‘l;‘r‘ecurser to. 1ncreased antennule f11ck1ng rate, CURREER LS
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' '-,1t 1s unposs1ble to establlsh a critlcal dlstam:e at wh1ch these prey ef-

ler, ,19_7,5; Bayne and Scullard,‘ 1977; Propp, 1977). " The composition of

prey effluents 1s discussed later.

I

e McLeese (1973c) suggested that lobsters are’ not strongly attract- ,' '
ed from 8 dlstance to mtact prey The present results mdlcate that prey

effluents have the capac1ty to el1c:.t food searchmg behavmur, although

fluenbs effectnrely e11c1t response

: ‘\4 e

effluent concent;atlons areaprobabb' much lower than oonéentratlons used

b

factors of currents, bottom roughness, and mu1t1ple sou:rces of st:mulatmg

1n the pff,ﬁent study ThlS conSJ.deratlon, as well as ‘the compl1cat1ng

" compounds probab make the cr1t1ca1 dlstance at wh:.ch responses by lob-‘ S

sters are el1c1ted Very small (perhaps wlt}umcentmetres)., oIt 1s poss1b1e

that prey effluents may only be effectlve m stmmlatmg food-searchmg

behavmur when the lobster 1s practlcally touchué the prospectlve prey

LA - - ,'.. * o

PELS ST b

am:mo ac1d stmmlatlon e11c1ts food-searchlpg behavmur and may be a com—

. rf.

.‘In thematural envn'onment , prey ‘

YR

e
et

o

wamﬁ“;_m’:‘mua‘: Ay
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- ;L_mgs, have shown that nmhydnn-p051t1ve compounds are capable of excut- P
g : ing antennule chemoreceptors and eliciting food*searchmg lieha\rlpur (Mc—‘ "
B Leese, 1970 Ache, 1972 Shepheard\,l/74 McLeese ot g,., 1977) - )
- 'Z_"',,I.',' 1;, s o The present study shows greatest attract1on (55 5‘%) of m'a‘t'l;re 1:.:. —. ‘.
: ‘ ; . lobsters tO pro}me. This egrees well w1th the resuits of McLeese (1970) ‘ . : ,
" - -_ who obse.rVed a"fe‘ed:j)g response' to prol:me in. 53%~of the tr1als Wlth adult ¥
'l'._f ! 9 : lobsters, and mth the general obser\ratlons of Shephe;'rd (1974) for the !
) ’l-'.:.‘ e proi.;lre compound hydroxy L-prolme.‘ McLeese et a1~ (1977) observed a 30% . "..‘:
L ._ o response of adult lobsters to prolme in an olfactlon trough McLeese " ' s
(1970) d1d ot observe any tjeedmg response to hydroxy L-prolme, mﬁ_ &
L ' _' trast to the fmdmgs of Shepheard (1974) w1th respeot to antennular sen- o
s ‘ " - ‘ 3 Slthit}' Results of the present study 1nd1cate 51gn1f1cant attractmn _
: ‘ : of 1mmature lobsters .to ammonla, argmme, lysme, 'ela:nme, glycme, and ‘, h
1 valme. . McLeese (1970) observed that most of"these NPCs at relatr\rer o ‘ " ,.. J
‘ ,; " t : hlgh concentratlons e11c1ted feeding responses m adult lobsters. ,l‘n gen=. .: LS
3 - . eral the flndmgs of the present study agree well w1th the results n*d . " J‘
d ". b)’ Md-eese (1970) a.nd mdleate that chauosens1t1v1ty of mmature lobsters ( h_,' -
o does not drfferv s1gn1f1cant1y from that of adult lobsters. _.: i ‘ '»;‘ ,
Hodgson,' 1965, CI';I.Sp, 1967";-Ache; 1972 Shepheard“1974 2 Carr and Gu:rm,
$ A,111son and Dorsett, 1974 Harman and Hath:}e}},

rﬁé;féf'.féfc.twé‘

'the preseﬁt study‘rarxged"'fran 1 -




) '5‘"‘ g i R * . - -
- . " I :‘: .
! ' i s .} ¢ . ’ . - - . . b ’ 74; o , “?\n“‘: .
_ NPC in-the ],obster tank. All NPCs wé&-e ‘theoret1ca11y detectable thhm j
: ‘ the llmltS of these concentratlons. o S “,_ L] 1 - RIS C
O KR It was’ mterestmg to note that the most attractlve NPC, prolme,.«-;},;_.- 1
S 1s the most soluble of a11 NPCs tested (Windholz e}; al., 1976) Other R

of very soluble NPCs, there was no apparent correlatlon between percentage . ;-
o o j : frequency of target captures and the meanNtJme to‘ target capture. Thls . ‘* ‘
’ o 1nd1cates that solub111ty of NPCs d1d not sagmflcantly affect the rate of ‘ :
d1ffus1on in the lobster tan]s anh the t1me to -response by lobsters... Solu- "
, b111ty ‘may be an Jmportant factor at the chemoreceptor surface, the more U o
) . solu"b,'lle' NP.Cs perhaps being': yere e ; : : ".:“5
o Most of - the attract1ve | . K \,_ ’ _
: 1y51ne, are‘relatwely small _ : R t‘J
: ] " . "1 , not attract;we.-. Molecular slze and eonf1gur tlon may be other Jmpoftant i N
:'% L : —. : factors affectmg attractlveness at the chemoreceptor surface. L1ndstedt X

(1971) suggested that the (CHS) -N m01ety of such compounds as” trimethyle :

SR amme ox1de and betame is the act1ve part of the molecule e11c1t1ng feed- v el ‘

T : ; 1ng respenses 1n crustaceans Case (1964), 1n hls studles bf dactyl chemo- ‘ "; R

receptors of (‘@gex observed that mcreasmg the slze of the molecule re- "

duces stmnﬂatory capac1ty and that maxmal 'stmulatory capac11:y bccurs 1n

>
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< "_'_'..ku
" monla, arglnme and lysine), in their 1omzed form at normal pH are
. Lo o characterised by n1trogen 1n the R group (Lehnmger, 1975) The last three
| . | . : NPCs are posﬁnrely charged in thelr 1onlzed states.— The next three most :
R . ! attrac.tlve NPCs (alanme, glycme,hand Valme) are charactensed by small .

by 1arge R groups._ Those NPCs w1th 1arge R groups contalnlng n:Ltrogen are T 8 j -

. R -: uncharged It appears t.hat NPCs wrth small R groups or R groups centam- E

" 1ng charged n1trogen are potentially attractlve to’ Jmmature lobsters. vl P
.+ 0 s; . Analysisof NPCs in prey tissue ektracts and effluents . ¢ ;" '
,‘ - " - '. ' ..:i;"' 4! e .- . o .“ h < i':"“.'\-'-“ g i
‘1 . ‘. N The results of analysm/of NPCs in t1ssue extracts 1nd1cate a
- relatlvely consmstent pattern of NPC comp051t1on 1n marme 1nvertebratesu

1970 for revxews) Glycme generally makes the greatest~¢ontr1but1on to

the free NPC pool, w1th relatlvely 1arge contr1b‘t10ns frcm alanme, am- '~: '

ks
X

. ’xlocengr_otgg all show a hlgh concentratlon of glyCme and a very low con- .

:.jcentratlon of prolme.

Ophloph011§ dlffers shghtly w1th a.h1gh concen— g

rﬁstaceans"" y

(Ackermann, 1955' ‘C1ted m Awapara, 1962), and decapod C




’ t1s,sues in comparat:.ve blochemrstry It’ 1s P0551b1e that all of the above e

o ‘-"',' There were few 51gn1£1cant dlfferences between 1nd1\r1dua1 NPC o , SN B

: . of trssue extracts appear to be phylogenetlcally drs%ct

vin. NPC comp051t10n. The _same. may be true for the h:Lgh total NPC concen-

derlns. For example Schoffenlels and Grlles (1970) observed that .the arth- C . fﬁz

\ : Schoffenlels and G111es (1970) comnented that con51derab1e var- . o
* 1at10ns 1n NPC compos1t10n of* crustaceans exrst :Ln the sam trssue from |

dafferen' speC1es and d1fferent tissues from the same speues. K1ttredge Sy

‘pool of tlsSUe extracts ranged from 5 9% 1n.' As;e;;_a_s_: to 22 8% 1nl_ ggg;l_,

.' AU 76,

1972 ‘Weber and van Marreﬁijk 1972; Torres, 1973 Roesijadi ‘et a1., 1976

chhard 1977 Johnson and Ache, 1973) S R e

o
s\',. '

concentratlons of the tlssue extracts among spec1es._ Howe\rer the s1gn1-- BN I

f1cant1y greater concentratlons of glutamrc acrd, glutainlne, prolJ.ne, and v

Y \'
&

taurme 1n CADS;EI extract compared tonconcentratmns 1n the extracts of . RO

most echmoderm Spec1es may reflect flmdamental phylogenetlc drfferences

resalisk

.

tratlons of crustacean and polychaete tlssues canpared to those of echmo-
)

RN 2
ropods are one mvertebrate phylun m whlch very hlgh ammo ac1d concen-

tratlons are found ngh total NPC concentratlons 1n tlssues of crusta- "f -

ceans have also beeﬁﬁ observed by Camlen e_t al (1951) Weber and van Mar-. e L “‘v '-"": :
reiinjk (1972), Torres (1973), and Roe313ad1 gt a_ (1976) \ kS }’;_,Vlt.‘. 3 J

62) noted that 1t 1s necessary to con51der several cr1ter1a suchi;, R

» .‘--..A-.‘\‘p,‘.“ »

as ecolog;cal mfluenc:esJ developmental state, and sampllng of 1nd1vrdual , ';.‘."'.;'

.,\\ S T

factors“may have 1nf1uenced to some extent the NPC comp051t10n§ of 11‘1d:1.v:1.-.‘_'_ b

dual SpeC1eS 1n the present study Desplte thls,, and the varlabllrty .1n— '

herent 1n small saniples, the total NPC concentratmns and -NPC canpos_,}tlons

'sp The conCentratlon of "anmoma :m the present :anestlgatron may~ be‘ nore :

B Jr




e - »

7“ P : o apparent than real as ammoma could be produced by spontaneous release L

v

R g'_.._.. . from protem pl‘lOI‘ to deproteln1zat1on and the breakdown of glutam:me

: '7:‘1':. ‘ (Me1ster, 1965 Patterscm, 1972) The absolute concentratmn of glutamme W

remams uncertam becaus_e of thlS con51derat1on. The extremely hlgh and , R |

.,l\rara.able levels of urea Ain tlssue extracts of most of the Spec1es tested

remam unexpla‘med o .. Lo ;
‘ ‘;".‘ ’ Free NPCs in. ;mvertebra‘tefs are generally mpllcated in osmo--- " }
- .:f._;/__u; regulatlon (Awapara, 1962 Schoffemels and Gllles 1970) Catabol1sm gf . i
i ; o 'iprOtelns results in many NPCs in a free state. D1fferent concentratlons |

of NPCs could p0551b1y be explalned by dlfferent rates of actlve proteo-

1y51s (Awapara, 1962) Several studles have suggested that amino aclds

- - may be used m the process of. energy productlon (Schoffenlels and Gllles, By

- .
o N
R "o
N -
O .-
¢ P 4 "
. . "
. .
X +
o .

v'-'detect:mg NPC,concentratmns as low as 2 nanomoles per ml ; Ana1y51s of

) et

"~seawater allowed to sta:nd for e1ght hours showed only trqce amounts (1 e. >

e less than 2 nananoles Per ml) i of anmoma. No other NPCs were detected ';. . |

.

LQ Other NPCs however certamly exlst :m seawater at very low concentratlons. AR
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78, |

The sources -of NPCs in seawater -are generally consxdered to, be

t

bacterlal degradatlon of partlculate protems and excretlon by - organlsms

(Webb and Johannes, 1967 Daumas, 1976) Tha fact that almnonla wanthe

" only NPC detected 1n the seawater control~ fhplles that ammoma 15 the most

labundant NPC in seawater, a11 others bemg below the 11m1t of ‘detectlon. :, :’=¥ .

All organ1sms m the present study shOWed excret1on of amoma,

concentfatlons Jﬂ the closed contamers a.fter elght hours rangmg from 42

nanomoles per nl 1n the Myt11us contamer to 199 nanomoles per ml 1n t.he

N_e_e;_s_ contamer., Only Astenas showed excretlon of detectable amounts

- of other NPCs. It 1s conce1vab1e that ‘the other organlsms excreted NPCs

- other than amnonla at 1eVels below the lmuts of detectlon. - For example, e

~~)

Webb and Johannes (1967) »observed excretlon of NPCs m zoopla;nkton and

noted that glycme comprlsed an, average of 31 7% of the total NPC release.

Ala.nme and taurme were conSp1cuous as well However, most of the 1n-

varlable dependlng on season and hab;tat (Bayne a.nd Scullard 1977) a:nd

1 ,.'may reflect the protem content of the d?et (Hamnen, 1968), especlally as.

"y . Ll




A o -

~

cpntent 1n the dlet of the canuvores. /

.
- b

Passwe dlfquJ.on or leakage of NPCs, as welI as true excretlon,

AR
1 » PN
N . v,

tldme, and lysme... Glycme and ammonla are the most concentra‘ted NPCs

S e ‘are reasonably concentrated as well The reason why gtena prd'dutes e

: -_ T tectable amounts of NPCs other than ammonla and the other organlsms do not

L s not readlly explalned : ~_—' o .
U |- Controlled pgey selection,: = =~~~ L o SE
e L e T Consumptlon eff1c1ency in the present study is a functlon o:E the

.....

SR 5\‘ tha,t the vanatlon of the prey populatlon 1n expermental tanks probably

N
R ) had 11tt1e mfluence on the attack and “t‘;onsumptlon rates. Reddm (1973)

s

combmauons of prey, although thlS was usually only the case when one of

N

the two-prey spec1es offered was :relatlvely unpalatable. . Breen (1974)

('j ‘ tratlons of glycme and ammoma, and _lovqer concentratlons of alarune, hls

m Asterlas tlssue extract (see Table 9 p 39) Alan:me and hlstldme 'i- o

attack rate and the presumed cOnsumptlon rate of umnattlre lobsters.‘« Stan-. '

dard errors for consumptlon eff1c1enc1es were'_relatively small 1nd1cat1ng

d1d observe some var1at10n :m the attack rates ,of lobsters offered var:ous

-‘1.;.'4 may occur 1n Ast r1a S the effluent of Wthh shows relatzvely hJ.gh concen*'}".-_'-ﬂ‘ ' o




- g ¥
I . 'h“f - - T
N | Prevmus studles of 1obster prey selectlon mdlcated a general 3 -
ly and that preference for c'rabs (anggr mm) oveJ sea urchlm re—‘ '.,;' ,
| - flects energet1c and nutrltlonal advantages of the crustacean d1et OVer .:~
a the urchm dlet Lobster pre.yr selectmn studles by Reddm (1973) m\folved
s a greater number of SpeC1es than the studles noted above. Reddln tested ';. ", o
- s select:ton of prey by 1obsf:ers ‘two spec1es at a t1me._,, His data; concernu% o
T f’-‘i ‘ selece:ton of Strong)clocentrotu and Q__@' mdlcated an equa1 preferenCe ]
;‘.. ,.: : " ;49' fo;r both spec.les.‘: This dxffers cons1derab1y from the observatlons of Evans -
R ‘?a W A and Mann (1977) who showed that lobsters selected Cans:ﬂ f1ve t1mes as mui':h"
r °P i as Strongy_l_cg_(_:_e_l_r_tr_ot‘u_s_ when the two spec1es were offered m l 1 ratlos.. e i —'”"‘“*
: {l ) ‘ - g{ ; I terms ef ’Strenéflocentronm and C,a_nc_er results of, the present ' %
. R ‘-"'_';,-‘ study are intermedlate between those of Reddm (1973) and Evans and Mann J;J
: .' ‘ " §(1977) {uth attack frequency io.r Cancer approx:mately tw1ce that for m .l ' oy _.
, ‘,, IlQE@Llf:QL“_S 'i'he mean percentage frequency of selectmn of Cancer in f1ve SRR
‘ N *' L f edd]_n s exPerlmental“utuatlons was 65% wh1ch agrees welt nth results i.‘_“ T
: : : .study dlffered somewhat, mcludmg Mr_t_;L_ Buccmun, ‘Strongy ocentrotgs =N '
':«"A" | Hyas, d Pam Other mea.n values Were calculated from Reddm s data : =f.°-:_
. A . .

'.'1lus was 73%, \con51derably

Mean percentage frequency of selectmn of




! o ; : L. . . LR
. ] |
S B R P BRI S
S . sues showed a 43: 1 preference for nmssels over sea urcluns when offered "
S o both prey. Only 398 of the lobsqers would feed on sea urchms 1n the f1r}‘ ; - : |
: place durmg 51X-day feedlng tr1als. “In the present study, 32 4% of the : | S
. o b .mnatm'e lobsters fed on sea urchms when offered varmus prey. L ' . R 5
S . ';ﬁ, VL. "'.-: o . FOI‘ As_f&_lé; Reddm (1973) found that the mean’ percentage f;‘;»--‘ "'"'1’ ,;:‘f
: / :h quuenc)' of selectlon was 10 3% con51derably lower than the attack frequenr:)z o ; ; |
i . ,i‘_'  ifor Aster_l_a_ in’ the present study There are no comparable pubhshed o " ' |
. _"' I\ ';i‘-'results for selectmn of g)hlgghohs, Nerels; and ﬂa ﬂ_], e, although Red-_ ; v
E ,. d1n (1973) suggested that Op_l;&phohs and Nerers are probably only ;m- RER ,/ \'
‘ " c1denta11y consuned by adult M w Red dm clanned that 1t - 5
was dlfflcuI't for adult lqbsters to obtam polychaetes. In fhe present , .

““1\— study polychaetes were obV1ously” acce551b1e to the small lobsters tested

The presmed rate of COnS tron for~ mnature lobsters 1n the

- . E present study was 4 69% of lobstepwelght durlng 24- hour tests., ThlS agrees

U l. 3 falrly w‘ell with studles of. adult lobsters (Hmmelman and Steele, 1971, S 'T

Breen, 1974 Evans, 1976) and w:.th the dbservatmns m thls study of gut -l
coL contents canpnsmg 1. 3% to 1 7% of umnature lo,bster welght one day after R
Sl feed:mg McLeese (1972a b): and McBlrmey andMﬂder (1973) detemuned that BT

el ".. _ la feedmg rate of 6% of 1ob,ster we1ght per week (on a d1et of cod, 11ver, ; L
- : ‘_:'. — .and squrd) ms capable of sustauung healthy growth m adult lobsters.« o '
I ‘.;_l : R -'_'.‘ ‘-It 1s recogmsed that so;ne mﬂmown proportlon of food attrlbuted 2

R ‘ | to consumptlon by mmatln-e lobsters may have been lost durmg feedmg 1n

e :the form of body flmds and small partlcles.: The real consunptmn rate of
- f ey
A

tlen 1s lcw,
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6 inmature lobstérs beca_ué.'e of the relative ease of capture and consump-

i "vanous mvertebrates 1nd1cate that prey sue is a magor lnmtmg factor
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less effiéiently..
At least four factors probably influenced the atteick rates and
4

consumption efficiencies of immature lobsters offered various prey. These.

are prey size and morphology,. behaviour of prey, and innate selectivity .

of prey by lobsters related to calorific and nutritional value of the
various prey species. The latter is discussed later. With the excep-

tion of Littorina which possessed-a thick shell, the smaller species were

‘more frequently attacked than the larger spegies, and consrmq)tion effi-

ciencies wére highest for the smallest prey. Small prey may be attractive

\

- tion, of iﬁdividﬁlseom:&red to the -larger's'pe'cies : Siinilar‘ stuﬂies of

e

= in predatlon success and that predator morphology and energy maxmlsatmn

: ;-.m feedmg determme the optlmal prey 51ze (Eblmg et al., 1964 Muntz et
'al., 1965 Hmmelman and Steele/f971, Hanulton, 1976; Hollmg gt al., 1976 '
' Paine, 1976; Elnpr and Hughes, 1978 ‘Elner and Jameson, 1979; Pollock,

1979). The results of Table 13 (p. 45) 1mp1y that. the overall range of

_ sizes of 1nd1v,1duals of Ophldpholls Nerels and Harmothoe d1d not 1nf1uence

the attack rates as there were Mo - 51gnlf1<:ant dlfferences between the sizes

4

E of -ignored and. attacked 1nd1V1duals.. In nature, because of the low upper

1imit of 51ze, prebably all md1V1duals of the above three speues would

‘be susceptlble to predatlpn by lobsters of a size used in" the present study.

, There was never eV1dence of attack of L1ttor1na by mmature lob-
Asters' The shell of L;ttorma 1ttor§g is very. thick aqd the sizes of in-
d1V1d1}lals m the present study may have precluded attack

W1th A§_t_e;;1g_s, _tmngy_lg_centmm and Mytllus, it was apparent

that the elarge sizes. of se\rera.l 1ndnr1dua15 relatlve to the 1obster may

'haire _oucaslqnally 'pr.ecluded at’tack.‘ In natl;re, some Asteraas 1nd1vn1ua,15.
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may be-too'_' large for at‘tac_k‘_by the chelae of a smal} lobst'er, although' it
is hard to imagine that even a small lobster could po”t“imflict some damage

to a large starfish, considering its soft morphology and slow movements.

Fow example AldI‘lCh (1976) suggested that Asterias forbesi is-a cooperatlve_

prey for L1b1n1a emargmata which attacks sizes of Ag;enas out of pro-

portion to its chela size. In his observations, he ndted that autotcmy of
a statfish arm accommodated this out-of-px‘cportion predation. Elner (per"--
sonal commmication) observed size selectivity of lobsters feediné on. sea
urchins and noted that smaller lobsters feed on smaller urchins. Elger.
ax_ld Jamieson (1979) ‘noted’ size selectivity of lobsters when feeding on
scallops. Large Mﬁ ilus and § ;'cr_ougyl_eenw can a\mid predation by ex-
ceeding ther extent of chela spread of inmatu&'e lobsters 'I'he'same is plfé--
‘bably true for large crabs _‘ . s . L
, Reddm (1973) stated that the largest. sea urchm eaten 1n hJ.s

expenments with- adult lobsters was 16 7% of lobster we1ght Th1s 1s con51-

h‘

o derably €1arger than t'he mean size of attacked sea urchms in the present

study. "Reddin collected the data. from lobsters wh1ch were offered only
sea urchins. In the absence of a. choice, lobsters may have attacked great-
*

er than opt:mally s1zed urchins to avoid starvation. Reddin (1973) ob-"

served that lob'sters will attack large sea urchms th:t‘ough the Aristotle's

-, lantern if the claws are i'neffecti\,re in immobilising the prey. He also

noted that the-iargest- attacked crab was 6.8%. of lpbster weight, which is

-

coﬂs1derab1y less than the mean size of attacked crabs in the present study.
" The p0551b1e reason for ﬂus d15par1ty is that Reddm used 1arge lobsters

- - .
. . for an_gr_ consurrptmn experiments such that even the 1argest attainable .

size of an 1nd1V1dua1 crab would _rarely have exceeded 6%-7% of the mass of

the.lobsters used in his study.
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- ,sters These observatlons suggest that 1obsters can. eff1C1ent1y separate

84.

It appears that small crabs may effectively elude predation as
well. In the experimental situation, smiller crabs may have been success-

ful in hiding beneath the rocks provided or were more agile than larger

T

crabs in their escape response. In any case, because size of prey may %}

have been a lmutlng factor in predatlon success, percentage frequencies
of attack presented in Table 10 (p. 41) are probably lower than would be

the case with ‘Optimally-sized prey. On the other hand, the constrained

~movements of -prey in the tanks probably enhanced lobster-prey encounters

such. that percentage frequencies of attack of prey in the laboratory do

not necessarlly reflect absolute attack rates in the natural env1ronment
.Uneaten port‘ions of M‘ytilus lmost excluSively consisted of‘ tis-

sue- free fragments of shells wh1ch ‘coprised, on average, 40 7% of the

total wet welght of the attacked 1nd1V1dua1. Measurements of the contrl— N

“‘butlon of shell to the wet we1ght of lxve Mytllus ran,ged from 29 8% to 35 6%

Redd:m (1973) observed that 11tt1e My_t11 shell v.as consumed by adult lob- -

the tlssue and shell of 1ts prey. However gut ana1y51s revealed that im- &

[
-

mature lobsters consume small but consp1cuou5 amounts of shell and byssus
threads when feedmg on Mytllus. Poll'ock (1979) observed the same thing
in the rock lobster Jas L_Ls lalandij. Reddm (1973) mferred from remains

- of sea ‘urchins after 1obster feedlng that 11tt1e test was consumed How- °

ever, Elner (personal commm:.catmn) observed that lobsters of vanous '

sizes mgest test of sea urch:ms while feed1ng on that prey On average,

'approxmately 50% of captured sea urchins were consuned by mnature lobsters, -

gut ana1y51s 1nd1cat1ng a 51gn1f1cant 1ngest1on of urchm test. o g

L The mean wet welght of C_ancer 1nd1v1duals offered to unnature

i 1obsters was approxunately three tlmes that of the next largest prey ava11- )

- 4,", = vw.:..\.vu:n--n LN
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L 'to locatlon and bottom type The percentage of iﬁm.ature lobster guts w1th

v

. (1 970) were taken by ccmlnercml fishermen from depths of water down to 18

85.

able. As d onsequence, percentagé consumption of crabs wgs relatively

low. Despite this, the mean amount of crab.conswned per attack was high: R

est, almost twice the amount consumed of most of the other species, in::

dicating relatively sustained feeding of' lobsters on Cancer compared: to
feeding on the other species. ‘ .

¢
Gut content analysis ' .

a

Gut contents of adult J;lgm @_\emm_s have been exammed by

.several peoplg.: Somea results of thelr studles ape summar:.sed in Table 21.

Data rom the present study are smular to results of. prevmus R

4“, |

stud1es, takmg into account p0551b1e dlfferences ini prey avallablhty due

crab rema:ms is’ mtermedlate between values glven for adult iobsters m S e
, other locatmns in, Newfotmdland by Squ1res (1970) and Enms (1973) The . o Y

re¢lative 1nc1dence of remains. of mussels and sea urchms 1n nnmature lob- ‘
‘ster guts on- ‘the other hand is consuierably h1gher than such values for
adult -lobsters .in other locatlons in Newfounﬂland _This may reflect a

-

greater importance “of such prey. in t‘he'diet of .mmatu're lobsters or a ‘dif-

ference in the1r avallablllty The adult. 1obsters in the study by Squ.u'es

metres. At these glepths, abundance of sea urcluns and muSSels is probably / -
less than in the shallow talus areas observed in the present study where
food is. abundant (Hmme]man 1969; Fletcher stal, 1974\ on. the. other
hand Scar‘é'att (personal conmunlcatlon) observed that sea urchln remams L.

were more comnon 1n the guts of smaller lobsters compared to 1arge lobsters -

in the Northmnberland Stralt In Newfomdland at any one pomt in tlme " i

1
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. oL e 1mmatu:re lobsters are. probably more numerous than adults bec:huse of the - .' :
‘4 cwnulatlve effect of natural mortahty, and, for lobsters larger than the

mmunum legal carapace' length of 81 -, the h1gh Tate of explo1tat1on of

e the fishery (Ennls, 1974)&.» Sme se1ect1V1ty' of prey mayz(duce the degr ee » ¥ )
e of food r’muue:mant oirerlep be.tween small and 1arg§ IQbStGTS- However, A l :

F - h ;- thﬁ -high le\rel of co‘nbpeclﬂc food cmpetltmn whlch lha)’ eXISt betweén 1;'":; | '.'.'":':
h = matu're lobsters may result 1n a smller perCentage ~of the Jmmature lobste'r 'f- : o et
. .r:': ": - pop':llat.mn, compared to that oF" the adult populatmn, feedmg on preferred L

sters i the frequency of ;,A§ter1 m gixts is’ relatlvely low. Bt;gties_ipai'sf

¥ may form a more important part o. the d1et of mmature lobsters'than adult
s ;:... ‘{".:\.'." . .\:‘ Lz k ' - 3
L - 1obsters, as prevmus studles show a J.ow mc1dence of Ophmphol:.s (Sun.res,:

‘:_.':.“ ) ;'-’\fj-: 1970 M111er et al., 1971 Enms. 1973) Altematlvely. the d1fference

y . ' 4 between mmature and aciult lobsters. m the mcldence of Op __gphOllS in the S0 N
, o guts may refllect dlfferences 111 the avulablhty of thls prey. ) Inc1dence ; "".',;:'.'
‘oi; penw:hkles 1n the guts of ;mature Iobster,s ’15 very s1m1lar to.va.l.Uesj :f'-;'.': y :Y :
£ . : recorded fc_r adult 1obsters from vanous locatlons ,(Sqelres, I_§70 ‘ Miller .
: __1,- gl., 1971 Ennis, 1973) ;' '_ :,5 ‘f",_.‘;._-:}:_f "‘*" L ‘

-. fr b - In the present study, Eg_x_cg occurred m e' ;reeter percentage o£ :
o L ‘X" " guts e;cemmed in’ late sumner than m early sumner and fa11 Scarratt (per:: -"-"- ."l"" C
: .:: , ‘ | sonal camnmcatmn) obser\red that crabs are more mt m t.he dJ.et i

o i of 1ob$ters m the Nort}nnnberland Stra't at the end of summer compared to

G, Rz - . 3



LV B
3
»
e };&i ’

\
R I\

59,

PN

1nc1dence m mtmature lobster g\;ts may have been due to the mcreased vul- " . ' "‘,

o

R I
PR AL N ST N

nerab:.llty of crabs durmg the1r moultlng perlod We1ss (1970) noted that

mcreased mgestmn of Canc:er spp in New York c01nc1ded Wlth moultlng of .

e

those ammals .

o N e S e B e

o f. R .' The hlgher 1nc1dence of lobster shell in 1ate August and early 40
. . September comC1ded w1th the lobster moultmg perlod and may. 1nd1cate con—""l
_ \ sumptmn ‘of cast exuv:Lae (Herrlck 1895 Reddm, 1973) A greater 1nc1- . ’ :-lr’ ¢ ‘-'g
| Ll . dence of mollusc.: shells was noted in post-moult Jmmature lobsters than m‘ o \‘ g
: O lobsters taken at t:mes other than the moultmg perlod Slmllar f’eedmg %:“ i
hahlts 1n adult 1obsters were recorded by Herrlck (1895), Welsé (1970), c : : ’
‘J and Reddm (1973) It has been suggested that thlS Shlft to a calcmm rleh : g l' .

d1et a1ds she11 hardenlng after moultmg

: _,sl1ght decrease by October/November. ‘ﬁeset results are very sunllar to

"5"..'5:' '“those of Ennls (1973) for adult mal@ 1obsters. The feedmg 1eve1 co1nc1ded

B RN JL e

K '.roughly W1th seawater tenperature untJ.l the end of September. Feedmg rate

. - " appears to remaln falrly h1gh after that permd and may md1cate the need W . I?
.'.! : 3 : g for food for phys1olog1ca1 recovery after moultmg “in 1ate summer (Ennls, '. .
oY ';1973) Scarratt (personal comlmmcatlon) observed that gut contents com- ) -' :
. prlsed approxmately 1% to- 2. S% of 1obster welght.' Values for mtmature
SRR :" lobsters m the present gﬁtudy are smul'ar : l ‘ ,1'?- ‘ ,,
'I'he hlgh"'cidence of polychaetes 1n Jmnature lobster guts 1n ) \ ]

o late sun'mer may mdlcate mcreased ava11ab111ty of these prey at thls t1me

of year. Pettlbone (1963) stated that Ner u_m for example,. swarms \ '

dm'mg the reproduc,tlve season 1n New England from March to August Welss '.-_‘ rl )
(1970) noted that nere1ds n;Long Island Sound swarmed in. Iate sprmg and SRR :

i




.w
T
J

bi

]

: . 2

- : o
. . “- ° 89‘

“that i:néidence of. nereids in' 1obster 'guts coincided with this swaming per- . i

-iod. Nearly all nere1d polychaetes d:Le after spawnmg (Pettibone,: 1963)

“and may ‘be more acce551b1e 10 lobsters when in. & degenerated condlt:.on.

\

Apart from the' spawnmg perlod polychaetes; ar‘e probably ava11able to 1ob- . |
TN
sters foragmg at n1ght as both polynmds and nerelds are actlve nlght

fm b SR e e bt S

S

predators, espec:1ally 1n mussel beds (Pettlbone, 1963). .

E]
LE2 o

e

Flgure -15 elaborates the ways in wHEch 1nd1V1dua1 prey spec1es

o, i 17 oy

may contrlbute to the nnmature lobster populatlon d1et and permlts specu- ‘

o " 1at1dn about the mode of feedmg of md1V1dual lobsters It is. an adapta-

tlon of the graphlc portrayal of gut content ana1y515 of Buru](ovsluy and

i ,‘».',‘ 4 ..

Froyerman (1974) P01nt A md1cates the theoretrcal 51tuat10n of a smgle- ' 7" o !l

.
e P s
- vt - - : .
N Lo

prey d1et assum:.ng that detect1on of hard arts ’m the mmature lqbster L SN
P SERLRS

gut 1s p0551b1e w1th1n a per1od longer than the ’tolerable mterfeedmg

L A SR

per1od Both the percentage frequency of occurrence of A 1n guts of th

)

lobster populatlon and the percentage cont bution to the volume ‘of. gut '} " H

- 1tems when A occurs are 100% Theoretlcal spec1es ‘B and C are presumed

to have equal Jmportance (1n terms of volume not calor1f1c Or nutr:.tlonal

M bt i’ Skl
[ e

value) in the 1mmature :Iobster populatlon d1et and are equ1d15tant frOm A
A greater proportlon of ‘the theoret1ca1 pOpulatmn feeds on B but when 1t o
does so, B forms a small proportlon of the. total volume of gut 1tems. 4 "-: ST

h J 'r . X y "
W Spec1es C 15 0pp051te., It 15/- not consumed by the populatlon as frequently

. . as spec1es B but when consumed large guantftles are mgested relatlve to A )
the vollme of other 1tems in the gut * _’x-.’,'., Rt o ‘ ; ‘.

I. - e In tems of the overald volune of food consumed by Jmmature lob-~’

T : - sters 1t appears that Qan;_e: 1s the most mlporta.nt prey _____e_ Occurs

.. 'i : — relatwely frequently 1n mmature lobster guts and contrlbutes a relatwely - :

| )‘ large proportlon to the total volume of gut contents compared o other

s
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' of bmttlestars and the1r 51ze. Sea urc;hln consumptlon mayr mvolve less' /

?-", the test. Polyn01ds and IiemlsHSp are a]most equally preferred Tl';ey

»',

'case, it appears that the lobster feeds unmterrupteﬁ,] o,sat1at1on, 1gnor- .

. : ster guts, but contrlbdtes a smaller propomtlon to the total volulne of gutf" Lo
: con‘hents. Stroggylocentrotus 15 preferred 1ess than e1,ther Cancer or Myt-'i- BRI

fﬂ,11us bemg frequent],y mgested but contr;butmg 11tt1e to the total vol- R

'“"june of gut contents It 1s mterestmg that Opl;_gphohg, another echlno- :
\derm, 1s equally as 1mportant as troggxlocmtrotgg ~}3ut reflects a dlffe- i

‘_rent lobster feedlng strategy It occurs much less frequently 1n lobster

t1°n- Ingestlon Of hard parts of Qphrophohs 15 me\rltable (as conf:.rmed

'.r by the controlled prey se\dectlon experlment) cons1der1ng the morphology L

,'w mgestlon of hard parts as the soft tlssue is more easﬂy separated from".';-'f RN

v"‘“——’ e L
tr

: to Qg};ﬂ by th1s reasonmg It occurs more frequently than g r 1n lob—» A i A

i

items. in the gut.  This may 1nd1cate that Cancer is preferred by mmature _" : '~'._",‘,:-; .

lobsters over other spec1—es Anc‘mdw:.dual lobster eats more of Ca.ncer ' i‘;’..
dur:mg a s1ng1e feedmg than it does of most .other spec1es (as “shown in. T Ly
the controlled prey selectlon experm\ent) exther because more crab is.

avallable (the crab is 1arger than other speC1es), or more hard parts dre

mgested at a smgle feedlng an other spec1es (see APPENDIX E). In e1ther ’

£

‘ing other prey spec1es wh1ch may be avallablch M)Ltll ‘ 15 preferred second

_guts than u:rchins btit when 1t does, contnbutes a large pmportmn to the

. total volune of gut contents "I‘hls may 1nd1cate that 0ph1oph011s is. only.

i3S
;
3
B
A
$
)
B
2
.
M
¥
H
i
N
3.
av
.

-'consuned in extreme sltuatmns (when the gut 15 vn'tually empty) such that e

0ph10phol1s contrlbutes a large portton ‘to the total volune of gut con- v Ty

.\_.

. tents.. On.- the other hand these values may 1nd1cate t.he mode of consump T e

are 1es$ ﬁ‘equently\t:onswned than the other prey spec1es and contrlbute a IR

falrly small port:l_on to the total volume of gut contents. The smali 51ze
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L musse s and crabs in the shallow subtldal zone of Placent1a Bay Densrty
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of these polychaetes relatlve to the other prey spec.ies 15 probably the

. -reason for these values cons1dermg that mgegtlon of polychaeté‘s 1s vir: -

—~. N
v

tually 1004 of the prey 1nd1V1dua1 when it: does occur, .. -

v

Cons1derat10n of the den51ty of prey m Placentla Bay further elur

c1dates the degree of preference of mmature lobst‘ers for certam spec1es. ;

Wh11e Flgure 15 shows a certaln preference of urmature lobsters for spe<:1es

1n terms of \rolume contr;butmns to total gut contents, 1t is not d1rect1y

related to aCCSSS;lblll ¥ of- those spec1es in’ the natural env1ronment.

N
of mussels 15 16% that of urchlns, and cnab densxty 1s approx:mately 0. 5%

that °f ‘mhm ’de““ty These data are in. seneral agreenent w1th other f'.i- i

studxes 1n eastern Canada (Hmmehnan 1969 Mxller et al. ;- 1971F Scar‘ratt

| "f', and Ipwe, 1972 Fletcher g; _1., 1974 Swlss and Osbome, 1976 Drunmond-

Dav1s » 1978, .WhartOn, personal coxmmmlcatr.on) SW1ss and Osborne {1976)

conducted subt:.dal samplmg 1n Placent1a Bay a‘round the Ccme By Chance re-

fmery 10cat1on The1r subt1dal tra.nsects 5 6 and 8 were very close to’
.

S collect1on 51tes im the present mvest1gat10n., They noted that polychaete

worms were the dommant subtldal orgamsms (m terms of nunbers) Mean . )
abundance of polyncuds ranged frcun 18 6 to 78 5 per square metre for _nm
t_h_e m;gi_]:a and was approxnuatel'y 22 1 per square metre for Lep1donotus

squamatus Mean abundance of Nere15 pelag1 ranged from 23 1 to 35 6 per

dlces dlscussed below. :,', _‘; -

f1sh suggested that the ftmdamental concepts of selectlve feedmg 1nc1ude

- * . e ". X
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'I'he presen" study shows a mm\erxcal domlnance of sea urchms over-

-

square metre. Mea.n abundance of Op g_pholls ranged from 43 4 to 59 6 per o

: '“- : square metre. These prey denS1ty data are 1ncorporated 1nto e1ect1V1ty 1n- '

Ivlev (1961), 1n lus expermental stud)c, of the feedmg ecology of
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" 'the acce551b111ty of an 1tem of food* "and a degree of preference fot 1t

."He stated that the degree of succesé i huntmg must be proportmnal to

“'-the degree of concentratmn of prey To accmnndate the var1ab1es Nhl(.‘.h : - ‘

s ‘ mfluence select1on of food Ivlev suggested use of an 'electxvity' ?Rndex':.’vi'ﬂ ; :
o ot '-: . L S A P A W .
1‘ o (T 'P )/(T + P) T TEE S R
'\ ' e - . ’ . N ' “ e : _..,‘ :}\.. .. ..
where.. A -J Sl e .',e-;. ST

= relatlve content of any mgred1ent 1n the rat1on (as

e T : a percentage of the whole rat1on) Cow S s

~ 't
]

oy
..H-,-'\‘
v

relatwe value of the same mgred1ent m the i‘!ood

cemplex of the envuorment

, ot e, "I' o t.-w.;- . ~,‘_.»z .

Chesson (1978) and Cock (1978) observed t.hat con51derat1on of a

value of Ivlev s E 1n 1solat10n can be nusleadmg as 1t suggests that a
T : 'l predator s: behav:l.our towards a smgl& prey type is- unchanged regardless —:'.' b : ¥ 3
of the percentage contnbutmn that prey mkes tq the total ava11ab1e food L RAEN .

Preference values calculated usmg thls ~1ndex for d1fferent prey den51t1es

are ~not chrectly comparable. Cock (1978), however pomted out that Ivlev's - ;

mdex, unhke others (see Cock 1978 for rev::.ew) does have a ‘more func-u '?'.;:.' A I

o O L
S SN

"‘—’_1-\.3‘ t10na1 scale of preference (1t 1s f:uute) wh1ch 15 more sens1t1ve to sllght

,“.A

i a

' be mcluded., Iv‘lev s elect1v1ty mdex was used 0n data from the

l.

/ Stlﬂ)’, because of 1ts smpllcn:y and because there are no comparl" S

¥

o sons of E among experments mth var1ed prey den51t1es It prov1des a

wl very usefu;l 1nd1cat10n of selectwe predat1on 1n Jmnature lobsters. ) v A

Ivlev s, electwrty mdex was calculated for the natural s1tuat10n

R I by consldermg acce351b111ty of prey 1n terms of the1r nunbers (Table 22)
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mdex based on natural avallablllty (in 'terms of numbers) of prey speC1es and’ the per--

.a = 38
F ..-_.~ ~,.~ k. =

ElectI\uty

Pementage nunencal
ratiod ' :

B as a.)percentage of 602 _4_organ1smslm . (110 spesz:.es) of potent:l.al pre'y in- Placentia. Bar (Swiss
- 1976 g 3 5 - :

.h ;WMEQ;g)pemqnﬁ'gel@finﬁﬁﬁiré ,:.l,ol:;sftér gutslm whlch dommant ,',',ifeedmg proportmns") (Peterson" and S
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~' - Table 23.

J

2 % - . , .

- 2

, B P
Number/m Mean wqigh;a Wéight/mz.

€ 7 8.

: Prey organlsm

SN '*_

- I L populatlon dle;‘ : _ Co ’ f"

Percerita
. biomass

Electlvlty-ind?x based on natural avallablllty [an terms of blamass;,gjypf“’ spec1es and the per-

Lo _ centage contr1but1ons of ﬁhose spec1es to fﬁe total volume of theulmmature lobster Gﬂ amgx;ggnus)

Percentage.contri--
bution to potal vol- o a
ume (= biomass) of . s

diets& . o

R .
L
- . - ‘
o0 -
1 [
. o
- .- -
A ~L
- ~
LI

RN .'.f 'q'é‘?

Index’ : .

':'. . " '... . ; :k‘ ‘ » ‘. ' . .'. “ ~ -;.’
" .. .polynojds - ¢ . S 354

"3 L Mgmm : 4.1’". . 173.0

} ) -' L1£-t-°l1—“-a . 15.'& 5.3 83.7 _
‘: . ﬂﬁéﬁ. :...1 410 ‘Lo\ .;1%0_. '
s ) Htilus | 6.3, 2.9 ':io:'o'-?"‘-
(R fsterias S TR ¥ ‘\‘1.'3.3 .

‘ : E;Rh;gphglu

Cancer

ozf.

~14 0

72.1

v 2. 8

3.1

0.6

T

-

4.2
11.3

6'6 ’

-0.32 ~
-0.19
.0.72

"l

estimated conservatively) . 2
total weight of all organisms/m
the list (Miller et g;., 1971) -

ferences in specific gravitiés of prey
mean of values recorded by Swiss and. Osborne (1976)

Fl

0 &

¥

is unknown; assumed negllglble blomass for. spec

N

relative Volumes used: as .an estimate of relat1ve weight contrlbutlens of prey, ass

based on mean‘welght of individuals uSed in contnelled prey selection experlment (mean weight of Acmaea

iﬂg'negligible dif- .

6.1 +0.12
A .
1.3 -0.87 . .
0.4 - 0,72 _
. FAY
11.6 +0.44 -
1.1 -0.48 -
. 14.8 +0.92
XY
es other+than those on

‘86

/
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for species not counted in the lobster collectlon ardas. In the case con-
sidering accessibility of prey in temrms of their numbers, the parameter

T, was eJtpressed in terms of the percentage of guts in which a species was
dominant, implying that the.last meal was the dominant item in the gut

(see APPENDIX E) and that 1f no preference were exhibited by lobsters, E
would be 0 because of the equallty of T, and P;- If dominance 1n the gut
tan be considered attributable to the last meal, 'this variable is equ1-
valent to the proportion of all individuals found feeding on a given'prey
type ("feeding proportion') (Peterson and Bradley, 1978), and is a reasom-
able measure of T, The parameter TS 1‘r’1 the case cons1der1ng acce551b1h‘t.y

of prey in terms of their blomass was based on the relatlve contributions

of prey spec1es to the total volumg of the imiature lobster d1et con51der-

ed equlvalent to. weight contr1but10ns 1f there are negligible differences .

in SpeCJ.flC gra\r1t1es of pre)?

Apphcatmn of Ivlev's elect1V1ty index to the gut content dat:!
j;l)cates a high degree of select1v1ty for Cancer and Mytilu 1S (Tabdes 22
and 23). These two species comprlse only a small percentage of the avail-

able prey species population in terms of numbers and biomass. Nereis sp.,

. as well, is apparently selected out“of proportion to its natural availa-
v . . 4

‘ bilitx in terms of bot}; numbers and biomass, Brittlgstars are selected
by immature lobsters more frequently' than would be the case if. predation
occurted randomly, but do not comprise a dlspmportlonate welght of the
total volume of gut contents (Table 23). The negat1Ve md1ces suggest
that mOSt of the more mumerous prey species are frequently 1gnored or not
encountered by lobsters at a rate proportlonal to their abmdance They

- may onty be consumed by immature lobsters when the more preferred prey

species are not avallable. Wh:.le the electlvrty ,;Lndlces are based on -

rseveral’ est:.mates, rather than .absolute values, they do prov1de
a ugeful compam.son of gut. content data and natural r-elatlve '

abundance of prey.
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_' cemed with sw1tchmg behaviour and £

97,
Considerations of immature lobster feeding behaviour in terms of optimal

foraging "

It is important to consider the results of the present study in
terms of various discussions of féeaing strategiés and optimal foraging
(see Schoener, 1971; Pyke et al., 1977 for reviews). Most gonsiderations
of optimal feeding are of a theoretical nature, concerned with development
of foraging models with predictive capabilites (Emlen, 1966; Schoener,
1969; Rapport and Turner, 1970; Rapﬁort, 1971; Marten, 1973; Katz, 1974;
Nakamura, 1,974;'Pu;1ia11_1, 1974, '1975‘;‘Griffiths;, 1975; quich, 1976';ANor-
berg, 19;l7° .

N

Hughes, 1979; .Stenseth and Hansson, 1979) .- A few studies of
actual feeding strategies of arthrnpod-predators’ fish, and. ei:hin'odem‘

.foragers ex1st as .well (Werner and Hall 1974; Charnov, 1976 Vadas 1977
",Cook and Cockrell 1978 'Elner and Hughes 19/ 78)y Several studles are con-'

t10na1 responses of predatcn's to

prey den51ty (Hollmg, 1965 1966; Mn'do h, 1969, 1973 Oaten and Murdoch,
1975; Cornell, 1976).

One of the main premises of optimal foraging theories is energy
< ' N

- maximisation whereby a predstor chooses its diet to maximise net energy -

intake per unit foraging time. An alternative premise, not exclusive.of

- the latter, is miftimisation of time in the foraging proCeés. The para-.

meters which. 'ére integral to theciﬁgs of energy maximisation are ‘searching
tJ.me, handlmg time, and calor1f1c value of the prey. 'Gen’er'ally; the ‘
theoret1cal optnnal diets are determmed by begmnmg w1th the hlghest
value of the ratlos of foad value to handlmg time and then adding food
types ‘to” the diet 1n rank order. The optunal diet mcludes all 1tems for :

which the rat:go‘abov'e is :positive.

. .
., . ETEN A e T
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- Several factors are important.te the development of optimal
foraging theories. One of the assumptions of feeding ‘models is that pre-
dators forage efficiently, yet this requires an ability of the pr'edator

to assess energy value of indl-vidual food items.‘ Emlen and Emlen (1975).
suggested that predators are not capable of this perfect decision making.
Charnov (1976) and Norberg (1977), on the other hand, suggested that energy
efficiency is only one ultirnate factor in feeding strategy, and Marten
(1973) and Westoby (1978) suggested that sampling of food may be an import-
ant component of foraging behaviour such that \rariety is maintained even
.when food is superabmdant. . Maintenance of food 'variety may‘ be e'Speciall-y
1mportant when maxunun f1tness of the predator is defmed not only by cal-

.or1es but also by other nutr1ent factors as well (Pulham, 1974) One of

" the mamfestatmns of nutrlent constrafnts in avallable d1ets is establ1sh-

H

" -ment.of part1a1 preferences whereby some prey types are consumed on some

encounters but not all. encmmters (Pulham, 1975) F1nally, ‘one: of the
.mam supp051t10ns ‘with cons1derab1e empirical proof is that predator sel— |
ect1v1ty of d1et decreases as the total abundance of food decreases (Hol*-
11ng, 1966; - Werner and Hall, 1974; Chamov, 1976 Vadas 1977 Cook and

Cockrell 1978; Elner and Hughes, 1978)

Elner and Hughes (1978) explored opt1ma1 foraging in the shore '
| crab, Carcy;us maenas’ ) mcorporatmg the concept of a finite recogmtmn
time as the: predator evaluates the prey by chenucal and tact11e clues.

They suggested that 'because the crabs are not V1sua1.hunters, they caJmot

scan large areas to estimate overall prey ava1lab111t)r As they Craw .over
the bottoi, crabs encounter prey oné or several at a time. Prey- ac~iptance/

. rejection sequences suggested to Elner and Hughes that: crabs have very

short term memories causmg suboptnnal prey to be reJected at first. but
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. ~Varymg contr1but1ons of water and'shell alter the E.nkmg of calor1f1c

~accepted if optimal prey are not scon encountered. They suggested that

99.

this. flexible mechanism rapidly adjusts thz: feeding response to small- ~. .
scale’ changes in prey avallability. Holling (1965) hypothesised a similar -~ o
effect; extinction of learned responses in the absence of reinforcement.
Assuming that energy maximisation is a maxim ol-" optimal foraging
and that there are additional nutrient requirements in excess of calories
alone, it is important to assess each potential prey of -immature lobsters. ' '
Ava11able data for the prey used in the present study or for related spe-
cies’ are smnmarlsed in Table 24. i} _ A
In general dry we1ght calor1f1c values are h1gheet for molluscs,
followed by polychaetes crustaceans Aster1as vulg___h_§_ and sea urchlns.

e s——

values of. 11ve ammals. Wet we1ght calor1f1c values (of more relevance to.

C natura]: predatmn) are hlgh for crustacea.ns, moderatel‘y h1gh for polychaetes, .' SR

‘other hand, are low in proteins.

proteln content of prey and the degree of preference of prey by mmature

and moderate for Aster1as vulga ;s and molluscs Wet we1ght' calorific - - o

- oo J
. .
.

values are very. low for Stronszylocentrotus sp In terms of. other nutrient ‘ '

values, molluscs and brittlestars are high in carbonatex. oth crustaceans_ . e

-and ‘n'x'zlluscs ha\re' relatively high levels of protein. ' oderms on the

” Y
[

There is an apparent correlatlon between the calorific value and

' lobsters, suggestmg that energy maxmusatmn is a charactenstlc of lob-

ster foraging behaviotxr. Reddln (1973) observed capture, mmoblllsatmn

and-opening, and consunptlon of three specles of prey by, adult lobsters. SN

'He determ:med that, wh11e capture times were falrly varlable, tlmes of im-

mob1llsat10n, openmg, and consumpuon of prey were, qu:Lte s:m11ar, such

" that’ tot.all handling t_une was approxunately 100 mmutes for.‘each of Cancer,

. . B R ., ) \
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" “Table 24.

. Taxon .

: Smunary of 'a\failable ‘data on prey. ég-lbt‘i‘fijé'

',iCaloTific valued

- e

" . “Other value

i

values- and miscellaneous nutrient components.

Reference

" Armelida-.

: _Mdllusi_ca o

4 marine polychaetes

~

2 errant polychaetes

s - né;éid pdl);chaetes

Nereis virens

: 2, marine’ gastropods

o _‘Colus stmpsonl
' _S;mrine_biv_a_lireé. —

3 marme blvalves

. My1:11us edul is.

4]

© X = 3388 (not ash’

"
]

>l
)

S X= .4069~_"(n0tf_a'sh'-" B
‘ _free]- P

.~ 80% water

free) (674)

= 4459 (903);_'f::;" A 80% water

>
]

4857.

- 4691 "-T e -
. A . R B . ", - . R -

4494 (617)\ ,; :'"."jSZ%'watér

' 4587 ,(471) _

‘ © 0 Twedght

" 80% water

(284) - " shell-free ..

X = 4571 (524) i 89% water

45272 "-'~: e

- v(mantle only) Ria

- 4657 u':"fu?ﬁﬁ ff{}r;'j._ S
(flesh only) o _‘ .

68%- shell by -

Tyler, 1973

Brawn e;il , .196_8

Cumnins and Wuycheck
1971 :

Chesney and Estevez, '
1976 . " ¢ i

Brawn gt al., 1968

' Tyler, 1973

Tyler, 1973 -

Brawn et al., 1968
Reddin, 1973

*" Klein Breteler, 1975

.3

Elner and Hughes, 1978
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. 8 Qther value ‘ Reference
. 77.5'90% protein . -  Gabbot and Bayne,
oo Tl and carbohydrates 1973
e g’ mmantle*late'ﬁ i ©
Lo sumner and fa11 ’
: 3 " Z pro'tem N 60% of Adelung and Ponat,
L o ;dry weight . 1977
X 4645 (1201) 74%_wa’ter C Brawn et
) 4403 (1919) z :v7s_‘.7% wa‘te: - Tyler, 1973
Juvem.le H_omg__rgs_ ,"_* '3125 " g Logan and Eplfanlo
- ‘4‘\'-{; . .. . .A ..-~:;. .t_' L b -.»f.‘ - ". - 1978 , e '
o BN | :'-:4?'6'5":._ e - . " Klein Bregeler 1975 °
(recently -moulted) - Nl e : 8 o
5 ol morgamcs (most- A
% o g e s 1y ca1c1un) 50% - '
& AT s Of dry welght .
-4 'ngcen» 1rroratu5» n ‘4'2'1_1;-.}.' .;:" ¥ f‘ “ . Reddin, 1973
, g cer p__gurus et e :—protem 4 22.4% of Vonk, . 1960
e TR T “N - L ;g‘-‘ fresh we-lght o gt
4 ‘calones/gram dry we:.gh H 2 ) c,ént;'d.
."-‘l.‘ i :. i h . ‘4. = ‘.\:.
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iTable 24 Contrd, o

Calor1f1c valupﬁ

Other value ‘, . .. Reference

- Phydum “Taxod

. Cancer mag1ster .- S

s -
N - - .
. . 1 .
1 ~
. . :
«
. Sl - Tl e e . . =
o - T b e . e . o >
P . - .. P R ~ "
SO LT Hyast . . :
. - A . : . . . R

ﬁA Echmodennata ...,'-' ,Ophmphohs aculeata L "'”». . 4
T .'._.iAster1as vulgar1s 3 L
: (633)

LI 'Strongylocegtrotus :
e SR .droebachlensgg L

; ;‘9.: '; o - 770 (5800 fbr gonads)

Sj; ngylocentrotus sp

- S 2551 (calc1um ff?
T e RS T T carbonate correctmn)

883 (287)

L ’of fresh weight

h1gh protelns in go- Allen, 1971
nads-and -skeletal . '
musc1e° 1ipids in

‘ovaries and hepato-

- pancreas; shell -

. cle .. 20%; shell - )
32% of welght . ’

X shell - 1328,

81 carbonate:?

75%water'_ ' ' S
68% water ' o "

. - Reddin, 1973 -

65% 70% water - Propp, 1977

protem - 4% - Giese, 1966

#3334 of weight; haem--. . ‘ : /‘N\
f'?_olymph - 37% of - : Y .
welght, ‘skeletal mus- . | .

Brawn et al., 1968

a calones/gram dry welght calorles/gram wet welght mdlcated in, brackets /
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.,pursue and subdue thlS more act1ve prey.”

. ) 103.

-
.

Strongylocentrotus, and M}'tllU.S prey. A relat1Ve1y long capture per1od*

for Strongvlocentrotus was compensated for by a shorter consumptlon p%rlod

In nature, energy expense of capture of crabs may be greater than suggest-

ed by laboratory studies in which thé mobility of crabs is ultimately re-

strained by tank walls. -The relatively .sessile nature of mussels and sea

urchins' probably makes the energy expense of capture of these prey small

relative to that of crabs. '

These con51derat10ns of capture expense are further comp11cated .

”;""1n nature by relatlve abundances of prey If capture expense 1nc1udes
: searchmg t1me, the cost of capture of Crabs may further mcrease,. g1ven

the1r mfrequency 1n nature relat1Ve to mussels and urchms, although en-,

:,_

;s :. ." .hancement of the lobster-crab encounter rate 15 poss1b1e ('thlS is dlscussed','”ﬁ a
ERN :tlater) Evans (1976) suggested that the calor1f1c supenorlty of Cancnr

: over other prey more than offsets the greater energy expense requ1red to

T

The actual calor1f1c expend1ture assoc1ated w1th handllng time

. of prey by‘ lobsters -ha_s not been calculated. Assuming that Redz'lln‘ 5 (1973)
- ha.ndl".'lng times‘ are réali"stic there is probably littl'e' ‘diffe'rence in hand-"
) llng expense between speC1es of a large 51ze such as crabs é%mssels and o

" sea. urchms. . Feedmg on &tgr;a would probably 1nvolve a much smal]&r

expense in handlmg, but the COncmltant beneflt in terms of calorles is

o relauVely low C0nsumpt10n of polychaetes probably mvolves 11ttle ex- S

. "".*pense and although the total volune of food at ‘each capturei is small the

lor1f1c value of polychaetes 1s h1gh Perhaps the most productwe forag-

o mg technlque 1s capture of - large prey (such as Qan__e_r and M):ngs) mth

. 'hlgh calor1f1c value an,d other nutr1ent attrlbutes.- ~For example, Elner

'(personal conmnucatlon) observed that mussels contrlbuted approxnnately

e g0 P B s SR

e
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seven times more energy to the diet than sea urchins when lobsters. were

given a choice of mussels and urchihs.

Apart from the calorific value of prey, the apparent preference
s . . \

of lobsters for crustaceans has additional significance when the dietary

¢

‘requirements of lobsters are conside_rea. For example, Castell and Budson

(1974) demonstrated that adult lobsters have a requirement for high levels
of dietary protein, and Logan and Epifanio (1978).suggested that the mini-

mm calculated percentage of protein'in food to maintain small lobsters is

. 17.4%, The actual mmnm.ng? is’ probabI. hlgher because of loss of ‘mtrogen
'm forms other than ammonia. and the 1055 of n1trogen as glucosamme (1n
“‘I'Chltl‘n)f at each moult Table 24 (pr 101) 1nd1cates that crabs can meet

.th1s protem requ1rement Mason (197%) found that meth1on1ne and phenyl- X

alanlne were essent1a1 in. the d1et of \Juvenlle lobsters NPC analys1s of

l "prey tlssue extracts in the present stludy md1¢ated greater than 10x: hlgh~

Hl
‘er levels of these amino acids in Cgcer compared to levels 1n Mytllus

@_1_1_ and three echmoderm specres. __e_r_e’1_5 sp had very h1gh 1evels of
meth1on1ne and phenylalamne as. well Evans [1976) stated that lobsters
have requ1rements for the p1gment astaxanthm, and’ glucosamme and that
these may be satlsf1ed by mgestron of crustacean matenal

. Cons1der1ng the results of’ the stud1es above, it appears that ..

crustaceans are. the most benef1c1a1 prey for mmture lobsters 1n terms of .

| thelr calor1ﬁc value a.nd other nutrlent levels

It is apparent that the prey preferences of mmature lobsters '

~‘have con51derab1e adaptlve value in terms of ‘meeting food ‘\requu'ements

-4

. Emlen and Emlen (1975) suggested however, that predators must have an

vab11:|_ty to judge energy value of 1nd1v1dua1 food 1tems in order to feed 1n

a max:n;ally e£f1C1ent way; It ‘seems poss1ble that olfactory_ messages in -

%
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‘cons1der1ng that the best prey (crabs) are.the least: ablmdant of prey ac- -« -

ceptable to lobsters. ..

1mmature lobsters respond to: prey effluents An 'olfactory threshold' .
f the concentratlon of NPC stlmulus above Wthh the lobster w111 1n1t1ate
’ food searchmg behavmur - may operate Prey such as Qa_nger may con51st- ) m, 0
ently produce NPC concentratmns above the threshold assurmg their at- ‘
‘tractlveness to lobsters. Echmoderms probably produce NPC concentratmns

' m’therr efﬂuent below the threshold of satlated lobsters. As the degree

) Hughes (1978) Regardless of whether the hunger effect ‘on opt1ma1 foragmglz

d1et 'w1th mcreasmg hunger

A pear to be\)mportant as well,\ 1n remforcement of feedmg behavmur as '~

105.

the form of NPCs from prey provide lobsters with informétion. reflecting '
food value. As olfactory preferepce is apparently correlated to the food
value of prey, natural selective bressure on the feeding behaviour of 16b- | A
sters has resxilted in their attraction to items with high NPC concentrat'ions. |
This-is an important adaptation, given that the NPC compositions of prey
to some extent reﬂect their own feeding modes, and, thus, their composi-

tion: i.e., carnivores such as crabs have high levels. of protein and NPCs,

and are attractive to immature lobsters. Thi's" adaptation i's also' important s

»

#

Hunger must have an mlportant mfluence on. the degree to Wthh
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of food depnvatlon mcreases the olfactory threshold 1is" lowered such ‘that

R

more mferlor prey may e11c1t food-searching responses 1n mmatln'e lobstérs.
ThlS threshold cbntrol of feedmg behavmur may be equlvalent to the short- e

te::m memory effect on foragmg behakur of crabs descrlbed by Elner and

is acccmnodated by a short term memory or. a. flex1b1e olfactory threshold

_the ultnnate result 1s the same, mclusmn of subOp‘tlmal prey in the lobster

y . NPCs released’ from prey durlgg feedmg by umlamre Iobsters ap-‘ _: : o
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suggested by results of éxperiments in the olfaction trough A st;rong re-

) mforcement of feedmg is likely in the case of 1mmature lobsters feedmg

¢

on crabs, as shown byvthe large volumes consumed relatlve to other prey

'(see Table 11,.p- 42; F1gure 15 p. 90).. There appears to be l1tt1e rem-

L 4 2}

7-\5”

I, "’forcement of feeghng beha\rlour during feed.mg of immatyre 1obsters on sea

-mines the 1n1t1at1on of food searchmg behavmur 1n the f1rst place. A

s bably because ulobster food preferences are strong as shown 1n° the present

1;»‘=ficrabs can be ma1nta1ned Murdoch (1969) observed that smtchlng behavmur

« . lt.

urchins. Hunger ‘would probably mfluence the degree of feedlng remforce-

ment of immature lobsters .as 1t would the oLfactory threshold wh:.ch deter- .

e

. Evans (1976) d1d not see smtchmg behav:rour 1n 1obster5 when

,:-relatlve proportmns of sea urchms and crabs were altered 'I'hls was pro~

’.study,; As long as some crabs are avallable to lobsters, preference for

‘\'-was not eV1dent 1n snalls W:Lth strong preferences and that these preferences

., could not be altered by tramlng In the case of the 1obster prey prefer-:

enf:es assurb that an md1v1dual w1ll feed on 0pt1maJ prey wheneVer the op-

ggrtunlty ex1sts SubOptlmal prey are- probably only taken as a- contm- " ;‘
- "gency agamst starvatlon in the absence of Optmal prey (Hughes, 1979)

“Evans (1976) suggested that by mcreasmg the proporuon of hrchms m the

; dlet 'a lobster could decrease the total t1me spent searchmg for prey

l-J

‘ ‘Thls may 1n fact be a net reSult of 1nc1ud1ng sea urch1ns m the d1et

glven the greater abundance of urchms 1n the natural env1roment but pro- -

C!

o _bably 1s not the reason for t.he phenomenon that Evans observed It 15

o 11ke1y that sea urchms -are an alternat:we food in the absence of better
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It is p0551b'1e to deyelop a scenarlo of the natural feedmg se-

. quences of 1mﬁature 1obsters, m cons1derat10n of the results of the pre- )
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i -.";“ scenarlo of mmature lobster feedmg -behavmur 1s sunmansed m Table 25 ' ‘. ; -'-'7{ L

Coan TN

: when close to- sat1at10n, 1f they feed at all lf hunger is not a strong

'-: of palat@le prey, whlch ane 1’dent151ed, by NPCs 1n theJ.r effluents., The

_-_gut 15 not completely full a lobster may start foraglng Foraglng com- TR
. _ R SRR f
j mences at sunset and extends throughout the n1ght mth varymg 1ntens:tty

(Scarratt, person;I conmtmmatmn) Select,;uty of prey fs hlgh at the

: 1s relatlvely hlgh and lobsters prqbably attempt capture of polychaetes L SR

107.
sent study and the prémises of“optimal foraging~-theory; Several predator- ;

prey mteractxons are hypothes1sed, assum1ng that other decapod predators :

oy

such as Cdncer J.m possess olfactory ab111t1es and feedmg motlvatlons
smnar to lobsters (Case, 1964; Pecc1 et Ll 1973) o

Lt

It 15 assumed that 1mmature lobsters feed only on preferred prey

I

motlvatlon, 11: may be- advantageous for 1nd1V1duals to remam in. ‘their. shel- b

l- ~ ‘.
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ters and avo:ld predatlon at the same t1me wa1t1ng for fortu1tous passmg

deen Al 3

Gancas

R -

i

If a lobster 1s cmnpletely satrated 1t does not feed If the : 5_ o

»

beg1nn1ng of the foragmg permd Lobsters frequently encounter sea urchlns.--""' h § -

but, m1t1ally,, do not feed on them Smllarly, brlttlestars are extrenely L 5

.‘." ‘3 A

cmmon, but are ,generally cryptxc and unattractlve m terms of NPCs a.n ef- B o

' S
1

fluent and are 1gnored Most~~p01}'chaetes such as nere1ds and polynclds
fre crypt1c and may be d1ff1cult to capture but consrderable numbers may ': :
be movmg abou't a't nlght (Pettlbone, 1963) Lobster encounters W1th poly- R I
chaetes are probably conmon but successful captures less so. : However, the
handImg cost of polychaetes 1s low and the calor1f1c value per un1t we1ght -_{, . :_. ua
' on every encounter unless very close to sat1at10n.. Mussels are not as com-~ SRR
mon as polychaetes "brlttlestars, and urc:hms..} Eneounters w1th mussels
are therefore less common, but because of hlgh food value of mussels, the1r:'-"-- :
capture and consrﬁnptmn 1s attempted at each encomter by a less than sat- L
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of natural foraging of.immature lobsters -(H. -americanus) with various degrees: of hunger. =
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iated lobster. Lobsters feed to satiation unless disturbed or a better

prey becomes at\;ailable. Lobsters attempt capture of crabs ‘on all encount-

‘ers with this prey.

If the initial foraging period does not result in successful

capture and consumption of preferred prey, the lobster is more likely to

-feed on less preferred prey as Table 25 indicates. Percentage frequencies

" of remama of less preferred prey, such as sea urchin, in immature lobster

guts efre high, indicating that preferred prey Species are not encountered
freqUently enough to preclude sea urchins from the diet.

* The percentage frequency of occurrence of crabs in immature lob-

'ster guts is )totally disparate with crab abtmdance in-nature (Tables 22

and 23). Random encounters of lobsters and crabs alone cannot account for

the’ high mc1dence of grabs- in- immature lobster guts. It is suggested that.

lobster feegi,ing behaviour may enhance the lobétFr—g:rab encounter rate. As

~

- crabs have. olfactory capabilities similar to lobsters. (Case, 1964), the

act of a-lobster feeding on a sea urchin or a mussel, which releases prey

- ,.": ‘_.\-I

extracts, may attract crabs to the feeding site. Presumably, lobsters can
also be attracted to crabs feeding on prey. There is evidence for this

'prey extrac:t reinforcement of lobster crab encounters in nature For ex-

_ ample, Pecc1 e_t al. (1978) determmed that bait in lobster traps consist=~
‘ ently attracted high numbers of C@_@g‘ J._Jm C Mu and lobsters
to the same ftraps. In the event of 1obster-crab encounters, a lobster may

__cease feeding on the inferior prey and attenipt to capture the crab. The

energetlc advantage of feeding on crab 1nstead of sea urchln may be 15

g _-‘t;unes as’ great (Evans, 1976). letle and Mann (1978) suggested that visual

st:mulus of food-searchmg behaviour- through pre)r movement may remforce

»

‘the naturally greater attraction of 1obsters to ‘crabs over other prey,

, o r,..,,’,‘;-;lﬂj
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especially considering the high mobility of crabs compared to all other

available préy. This, as well, may enhance the lobster-crab encéunterr

rate.

If olfactory and visual’ enhancement of lobster-crab encounters

does occur, mijch food in the form of uneaten urchins and mssels may be

available to other lobsters.. Apart from-this, considering that lobsters

feed-at a rate of 1%-2% of their weight.per day, most prey are probably

: - - ’
only partially consumed in any case. Immature lobsters may be attracted
to these partially consumed prey by olfactory infox;mation. On three oc-

casions during the collection period, very small immature lobsters were

‘observed cohabiting a shelter with anadult. Such observations have been

made elsewhete in Newfoundland .(Ennié., perso:halv. comunication). If a-
xionﬁnance hierarchy is‘.'estabulisheé such tha"; the "adult ' ignores the J'Jlmatt_xjre
lobsfer, and iobsters' gbnsime captured prey 1n their shelters as Scarratt
{pel:sénal commmication) suggests, much food may be available -to the im-
ﬁtapure lobster, The benéfits to the small lobster in t-erms"'of avoidingh

exposure to predation associated with foraging are comrsiderable.
. ¥ e :
Considerations of lobster habitat relationships

Lobsters 'are considered a key predator of the subtidal kelp zone

of the rocky shores of eastern Canada (Miller et al., 1971). Jhese authors '

suggested that production rates of i:rey species exceégi— the lobstér ingest-

ion rates by a factor of more than 10 and concluded that lobster quductidn

~in the seaweed zoné could be increased by reducing predation and competi-
tion for food and increasing suitable shelter. One of the main premises

of their hypothesis was that the estimated consum;;tion by lobsters of each '
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prey species is proportional to. the production'of those species. This
clearly may not be the case, given the evidence of the present study and
others (Evans and Ma£m, 1977; Hirtle and Mann, 1978) for strong prey pre-
ferences in lobsters. As well, the pro&uction model of Miller et ;\_1.. (1971)
does not adequately consider the importance of Cancer in the diet of lob-
sters. &

Mann and Breen (1972) suggested that heavy exploitation of lob-

sters may lead to overgrazing of seaweeds b);\ sea urchins, with resultant

loss of primary productivity. Breen and'Mann (1976) tested this hypothesis.;

Their model showed that sea urchins were conérolled except when lobster
abundance was very low. Some changes in the model . results vere. observed

when_ c.rebs ,end.'wolffli.sh were ed_ded Evans (1976) stated that this model

o.:15 probably too simple 'tq predict -the threshold abx_mdance ©f lobsters nec-
f essary to keep urchins in check. 'Marlm (1977) further suggested that the

urchin-domi.nated barren grounds of St. Margaret's'Bay-,' Nova Scotia are a
new, stable conf1gurat10n of the ‘ecosystem and that a long- term decrease

in primary and secondary productnnty of coastal waters can be expected.

. He suggested that destriction of the kelp beds by sea urchins leads to )

destruction of the habitat for young lobsters.’ Mamn al.so suggested that,
given the dietary preference for crabs shown by lobsters, ‘crabs may have -
a greater importance in the ecosystem dynamcs than previously thought

although Hirtle and Mann (1978) suggested that urchins outnumber crabs in

. the diet of lobsters desplte a preference for crabs.

The general concensus bf most of these studies is that, whi-le
lobsters may exert a control over the sea urc:hm populatmn, the degree
to which this happens is d1ff1cult to determine because of lobster food

preferences and predator -mteractlons. " There are mio publrshed results of
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gut content analyses of lobsters fram the coast ef I:lova Seotia to corrobo-
rate speculatiomrs about lobster diets there (although such studie; are
planned; Michaed, personal communication). As‘ well, the influence of im-
mature lobsters on the kelp ecosystem has been ignored.’

Results of the present study indicate that immature lobsters,

while having a high incidence of small quantities of urchins in the gut,

\sellectively feed on crabs and mussels, and possibly" polychaetes, if the
opportunitygexistse The head of Placentia 7Bay is similar to St. Margaret's™

Bay in that kelp beds are depleted (not necessarlly beca,use of sea urchlns)

and urchm abundance ‘is h1gh, yet, substant1a1 quantltles of prey. other

than sea urchlns exist a.nd form an Jmportant component of the lobster d1et

Elect1v1ty md1ces are con51stent1y negatlve for sea urchins. Therefore,

it appears unllkely that 1mmature lobsters will exert a great c0ntr01 over

" sea-urchin populatwns as 1ong as 1mnature lobster ‘numbers’ are relatwely :

low and better value prey remain in the area in sufficient quantity. How-

.ever, if the population of immature lobsters is increased, competition for

p-referred food such as crabs and mussels will be greater, and a greater
number of sea urchins w111 be k111ed by lobsters.’ .
Most of the studles of lobster-urchm dynamcs have suggested a

rather d1rect effect of lobster flshmg, that is, 1obsters taken from the

‘natural emuronment can no longer feed on urchlns. When the effect of

fishing is cons1dered not only in terms of the predatlon pressure taken

from the system but also in terms of the effect on the remammg 1obster
population, the 51gmf1canCe of the opt1ma1 foragmg aspect of lobster

feedmg on the urchm populatlen is consrderably greater.' Spec:.flcally, '

it is suggested that mten51ve lobster f1sh1.ng in Nova Scot1a :m partlcu- '

~lar has had the net effect of reducmg the cunpet1t1on between adults for

.
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food. Adult lobsters which are not trapped can therefore feed in an op-

timal way, selecting crabs and mussels to the general exclusion of sea

“urchins from the diet, and allowing an explosion of the sea urchin pop-
;

ulation.
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- followmg order of apparent preference by mlmature 1obsters Cancer 1r-

_are more attracted to and prefer intact individials and éffluent of Can-

4.
-
" SWMARY AND CONCLUSIONS
~ ) ’ . .
Resulte of the present .stud_y\indicate that immature lobsters

'

cer irroratus compared to Mytrlus edulis and Strongvlocentrotus droebach-

' iens1s. Ammonia and probably other ninhydrin- posrtlve compou:nds released

.as metab011tes from intact prey can- stmulate food-searchmg behavmur

w1th1n an undefmed range. Rate of capture of amnoma targets by 1mmature i

10bStEI‘S was . 51gn1f1cant1y greater than capture rates .of all other target .,'.: S

types except prolme. 'I'hese observatlons, as well as the results of n1n—~ o

“a ¥ . - o

hydrm analy51s showrng\ hlgher concentratlons of amnoma 'm Cancer ef_ uent

than in Mytllus and Strongylocentrotus may explam the greater att actlon

of um\atu:re lobsters to. Cancer 1rroratus compared to other prey specres. ,-f '; e
Frdellty o£ attractlon was mamtamed 1n tests of mmature lob- o P
ster behavmur e11c1ted by prey extracts (smmlatmg olfactory re::,nforce-

ment durmg feedlng), with rank:mg of behav1our varlables showing the .

L

' roratus My_‘glus m, Strongylocentrotus droebachlen51s Asterlas ,

vulgarls and control, 'I'he nmhydrm posrtlve compound composnlons of

' the extracts may explam the varlous degrees of food-searchmg responSes
" to the extracts. Cancer extract contamed a much hlgher total NPC con--

' centratlon compared to the other‘ prey extracts and had 51gnlf1cant1y
-,

hlgher 1evels of prolme. NPC target experments showed that proline tar- _
gets were captured more frequently tha.n any other target. o Lo j

Actual SeleCtlon of mtact prey by imrature Lobsters showed a .. RS

hlgher attack rate for Cancer 1rroratus compared to Mytllus and Strongxl-
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ocentrotus, although f;ctors other than olfactory preference, such as ac-.
cessibillty and size of prey, may be'important determinants of food selec-
tion. Por the naturaf enviromment, where a hmltitude of'fa'ctors' determine

.- - . .
the selection of prey by imnature‘ lobsters, Ivlev's electivity indices

showed a very hlgh selection for ancer, moderate select1on for M)’tl].U.S
. and negative selection for Strongylocentrotus ‘g Gut content analys1s show-
ed ‘that a h1gh ercentage of the nnmature lobster populatmn feeds Jon sea '

"urchms mussel and crabs. The gut content data 1n addltlon suggested

that, at s1ngle feedmgs greater amounts of crab are consumed compared to

S ,’5:'mussels and sea urchms.. Controlled selectlon experzments and gut cc)ntent“'

B 3!
v

The con51stent attractlon of 1mmature lobsters to prey w1th hlgh

. ‘calor1f1c and protem levels 1nd1cates that they probably forage in; an op- 5

timal way, majunusmg energy and var1ous nutrlents per un1t 'foraglng time.

Future research is. requ1red on the selectmn of prey by 1mmature

I'lobsters in the natural env:,ronment to deternune the dec1510ns made by lob-

. ".'ana1y51s also revealed the potent1a1 mportante of small prey such as br1t-

~';‘tlestars and polychaetes m the d1et of mmature lobsters. ) i na

sters durmg foraglng sequences, An the same manner as the study by Elner B

-and Hughes (1978), a.nd to test the scenarlo outlmed in the d15cuss1on
. "

Such varlables as hunger and prey den51ty would have to be carefully mom-

a :‘.tored Experunents should be dev1sed to determlne Wthh factors such as

,foragmg behav;rour of lobsters. Inmature lobsters, by V1rtue of the1r pro-

’ bable numer1ca1 dommance over adult lobsters, may comprlse a much more A~

mportant component of the subt1da1 comuruty than prev1ously thought a.nd

deserve a greater attent1on 1n hypotheses of subtldal falmal relat10nsh1ps
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Collection
date

Individual lobster dafqa at time of collection.

APPENDIX A

Location Wet weight Carapace Sex Lab. exper-

g

length
mn

iments

124.

Gut content
analysis '

B T SN W

7/11/75 Grassy Pt. 68.8 44 f 7
" " 55.9 41 f Y
" " 98.4 49 f Y.
" " 48.6 39. m Y .
" " 21,0 3 m Y .
" ' 44.0 37. £ Y ! L
" " 74.3 46 ‘m’ Y , .
" : v 12.1 27 m - . "'; :
" " 55.8 42 m Y * '
" . 1" _gg_z 42 f . / N 1
oo oou . .55.1 42 f / ’
" " 49.1 39 f 4 .
" " 163.8- . 58 m., Y
" " 2}.0 30 - f v .
" " 71.7 : 44 f R :
" " 38.4 37 f Y i3
" " 124.0 53 m Y . N
" " 745 . . 45" f v =W,
" " 23.5 32 £ v ; 3
A " 69.2 46 - m Ny ‘ f
" o 41.2. - 40 . m Y& . I
" " 11.0 23 3 v/ i
30/01/76 " 59.7 43 m v b
; o 45.7 @ 38 m v ,
" " 12.3 27 f Y b
. ) 64.8 46 m v :
' " 30.9 34 ©m v
" voF 383 37, . m v
" " 34,5 "3 . f -
" " 46.3 38 t f v
! " 20.8 . '-29 Som v/ !
o " 39.5 3 " om A i
27/02/76 . " 32.8 .36 -m° A AT
" ' it 1.5 13" 7 v
" oo 24,9 1 32 - f /o "
* " ‘ " .162.1 59 .+ f v g N
" "o 113.2 51° f Y 5
4/06/76 [ Arnold's Cove ¢ 97.2 49- f v
o/ w23 45 £ /-
" "' .151:4 62 f R4
1] - ' 1 N 48-% ' 41 f 5
Y -oo" 57.3° 43 o f . / g ,
/ \\k’,/ _omw T v 108.7 52 _f i v : i
. I : ; ... cont’d. : ‘
‘ ' , . :
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125.

A ]

Collection Location Wet weight Carapace Sex Lab. exper+ Gut content
date g length iments analysis
mm
4/06/76 Amnold's Cove 97.8 49 f 4
" " 42.4 38 fo v
" " 97.0 49 f v/
oo o 115.8 54 m Y
" " » 89.2 47 m v
" " 111.9 52 m v/
" " 50.5 40 m Y o
" " 129.0 54 f v
" " -~ 35.6 35 f v
" " 40.0 37 £ N
" " 2.4 15 ? v
" " 38.7 37 - f v
" " 14.3 27 m v/
" " 46.8 39 f v/
" " 44.6 39 f- 4
" " 47.6 " 40 f v
" " 50.7 40 f v
" " 21.8 31 m v
! " 19.6 230 - f /N
" " 16.0 27 m A
" " 10.8 ' 23 f- v/
‘ r " 1:3 12 2 J
23/06/76  Grassy Pt. 90.3 48 f Y
" " 12.4 25 f -
" " 142,0 54 "M Y
" " 129.8 52 f v
" . 65.8 43 m Y
" " 84.4 47 m v
" " 72.8 45" f v/
n s " 64.1 | 43 f v
' " 66.0 44 m v
" " .~ 30.5 33 f v
" " 24.8 32 £ . v
" " JA9.3 . 28 . £ 4
13/08/76 Spencer s ;251 9. - 72 f 4
Cove T 254.3 70 m Y.
" - 2714 69- f 4
" o 197.9 65 m. A
" " - '60.0 42 f Y
" "o 275.4 73 m Y
" Grassy Pt. 143.7 - 5% f 4 '
" : " 151.4 56 m - 4
" " 133.3 - 54 f 4
" " ' 144.4 58 m 4
" " 40.0. .36 f A
" " 94 7 i 48 f A
g L ' <... -cont'd.
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APPENDIX A cont'd.
'] / -
Collection Location Wet weight Carapace Sex Lab. exper- Gut content
date g length iments analysis
mm
13/08/76 Grassy Pt. 59.9 42 m S
20/08/76 Arnold's Cove 83.0 50 m Y
" " 61.7 50 m LY )
" " 14.6 27 f v .
" " +37.0 35 f Y
" " 67.7 50 f Y
" " 55.3 42 f v
" " 16.4 27 £ Yoo
" " 25.3 32 f Y ’
" " 97.9 51 m Y
" " . 84.8 - 47 f v
" " 58.0 43 m v
" : "o 82.2 47 m v '
27/08/76' Grassy Pt. 74.7 49 - f v
oo " £ 150.1 . 57 f '
o ) "o 117.7 53 f . v
;! v -138.3 . 57 m v
e N .176.3° . 58 Cf Y
o ] o , [ 1 R 196.6 . 62 f /
"o " - 171.3 6Ll - m- : R
Lo T " 109.1 53 m v
"o " 129.6 - 54 m v
. "o 122.0 54 m v
" " 97.5 50 " m Y
" " . 44.5 40 m v
‘ " —_— 24.4 31 ‘m } v
© 3/09/76 " ©90.7 49 f Y
' " " 57.2 41 m Y
" . 65.7 48 . m Yy
on "o 9119 49 wf v
. " " 92.2 81 - f Y
LI " 144.8 = 58" f Y
" " - 133.6 w61 m Y
) t : I "51.5 41 f- Y.
" " 52,2 41 . f R
Lo L " 104.7 = 52 £ Y
oom "o 134.4 - 55 m Y
" Lo . 138.6 - . 55 m v
- v - 107.9. - 53 | v Lo
10/09/76 Spencer's Cove ‘49.0 40 T f v oo |
. .16/09/76 e 59.9 42 . m , , v
RIS 1 ; B} ‘": ,_92‘8 K { 49!‘ . ] ] ’/
" I 178.6 -~ .60 £ %
" . " . 119.0, ) 54( f \d / R
" oo " 92,9 .. 51 m * R
"o " - .. 106.2 -5 S S 4
v’ . w3039 - . 52 m R 4
o o R i "~ w,.. .cont'd.
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APPENDIX A cont'd.

Collection Locatlon Wet weight Carapace Sex Lab. exper- Gut content.
¢ date - g length iments analysis
: mm
16/09/76 Spencer's Cove 89.4 49 f . v
ton " 4.4 18 £ v
" " 9.3 23 f v
" " 19.1 . 30 m v
26/10/76 " 10.2 23 f v
" " 30.9™ 35 m v
" .o" 32.9 36 m v
" " . 87.6 47 - f %
" " 149 2 57 f v
" " 244.3 - 71 f v
. .o 248.2 67 m o v
18/11/76  Grassy Pt. 89.9 49 m v .
" ST 2017 . 64 m o 4
o -~ .m .. 1400, 55 . .m - A
M T - 31.3 34 f - v
" 79.1 45 £ , v/ .
s " 55.2% 43, Cm. : - T
< " L2470 - 31 . m v - T
Lo e " " 43,2 37 CET -V o .
24/11/76 Armold's Cove - 95. 2 49 f -
Sw 106.5. 51 ot /o
" " 107.7 52 - £ Y
" " 68.7 46 - f v/
" " 60.7 44 f "
" " 74.9 45 f v/
" i - 51.2 . 41 m s
" Y 41.1 39 m - Y
" " 33.6 - 35 f Y
" " 28.5 34 . f v
" v 16.4- .28 m Y
" " 2.9 16 m 4
" " - 1.9 15 ? A
25711/76 Spencer s Cove 70.5 44 £ .
"+, 151.8 58 - o Y
gl " 101.1. 50- m s
" " 84.3: 46 - f v,
" " T.67.7 . 45 i Y
" " 48.4 40 m v
L " 6.2 20 mo W
N no 5.6 . .20 £ " *-
1 " ../ .
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_ijeé 'ninhyt‘i‘rin—pé.;itive compound (NPC) concentrations of ~pi'é)r organism tissue extracts. (umoles/ml)®
= NPC _ - " Asterias. Ophio- AStrongyiocéntrb—:ﬁliﬁ'— " "Mxiilus . Nereis Cancer
. (n=3} - DhSLllﬁb tus (m=4).- = rina b (@=4) . (=1)b (n=4)
S @2 ' mEL)E e '
LET 7 aladine 0.667 +°0.239 | 1.204| 1.873 - 0.721| 7.284| 7. 2.695 + 0.835 | 28.880| 20.261 ¢+ 7.734
:1y§ . .ammonia 1.261 '+ 0.363 | 10.694| 1.665 + J1.021} 16.060| - 3.285 + 1.495 65.2541 22.536 + 11.814
d:i 0~ argininé ... - 0.326 + (.090 | 0.068{ 1.050 * 0.246] 1. 3431 :0.398 + . 0.255 | 0.120{ 11.816 * 5.345
EE{T “asparagine - - 0.040 + 0.021 0.176 0.137 = 0.054] .. L 0,306 % 0.129. ] unres. 2.152°+ 1.096
Le v'aspartlc ac1d - 0,191 + 0.048-|. 0.171} .0.220 + 0.084| 0. 718_ 1.837 + 0.557 |, 0.050| 2.711 £ 1.239
i " glutamic acid 0.258'z 0.085 | 09751, 0.679 + 0:127| 13468 1.763 + 0.626 11.240] 11.239 + 3.278a
? glutamine -  -0.055:%.0.010.{° 0.136| 0.311 + -0.105| 7.828( 0.614 + 0.124a9] 5.560| 6.473 + 0.778a,s,m" -
s BRI glycine” .  .15:001 + 6.090 |- 36.124 |.14.075 + 4.922| -.3.573 ‘11. 510 =+ 8.053 48.200] -35.703 + 8.210
o .- leucine” . ° 0.262': 0,081 | .0.110| 0.565 + D0.139| 1.785) .-0.359 + 0.156 | 21.272| 12:277 = 3.770
F . 1y51ne .. 0. 153'1 0.088 | - 0.377] 0.735 £ 0.219]° 0: 362 ',0;907 x  0.342 ©6.3581.11.037 + 3.380
"~ proline. - | 0.024 -+ 0.024 | trace 0.110: + ' 0,066 13,036’ - 0.612 + 0.340 5.667| 12.729 * -3.803a,s
" serine -0.487 _i"0.1"38 0.204 0.454 + Q:180| 3. 7(]3' -1.134 7 0.517 0.550 5.067 =+ 2%736
"+ taurine - - 0.742'+ 0.373| 43.769|- 0.983 + 0.129| 6.984 | “10.337 +  5.062 0.580| 21.111 + 2.977a,s
. N vallne ) - 0,312 £ 0.094 0.160| 0.693 + .0.161] " 5.8657 " 0.316 + 0.152 20.126| 10.328 = 3.023
. . urea‘. 13.530 +°9.273 120 ,000'| 76.956 + 68. 188 ".trace-| 719.973 = 206.58la - 66.485 + 39,275
‘. other NPCs€  1.615 .| 2.618| 2.859 ,24.765 | - 3.424 72.794| 40.186
polyammes ..0.035 0 = ] 0:275 N 3 348' _w0.029 . - 0.175
total concen- : —_— ’ o . '_ . V '
- tratidn— e 2L, 594;--, -”96.786 26.409 .- _— 1&6;774}~ 39.495 286.651 ({225.626
1 - g..mean + standard’ error ‘ V . 1
_~  :b . ohe sample from eight individuals : S0
.C - not detected- for polyammes not determmed . " .... cont'd.
e ~ T s
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significantly greater than: a - As;ezla S - Strong‘}r'lcicentrotus;-

m - Mytilus, p < 0.05  ~

e B-alanine, a-amino adipic acid, a-amino n butyric ac1d B-amino iso-
butyxric acid, y-amino butyric ac1d anserine, c1trull1ne cysta-
thmﬂme cysteic ac1d/phosphoserme half cystine, ethanolamme, Te-
duced’ _glutathlone, glycerophosphoethanolamine, histidine, hydroxylysine,
‘hydroXyproline, isoleucine, methionine, methionine sulphonde, 3-methyl-
Iustldme, ornithine,- phenylalanme, phosphoethanolamme sarcosine,
threonirne, tryptophan tyrosine

excluding urea, unknowns, trace amounts, and polyamines
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e ','"Hyas araneus
L Pagurus arcuatus -

oL un1dent1f1ed crustacean
L 'jr

.+ Littorina littorea
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APPENDIX C Ny

Gut items of immature lobsters (Homarus americanus) - characteristic hard

parts.

Prey organism

Characteristics

Cancer irroratus

o

NereisA sp. .

-

.polynoid polychaete

wnidentified polychaete

amphipod
chiton «

sponge

Licuna vincta -

2

" Lora Bicoﬂﬁhata -

‘Margaritks ¢ostalis

' _complete shell ".‘._'_ : | ! |

fra‘gmen_ts of carapace with characteristic pigment.‘-
ation‘; portions of pereiopods; pereiopod tips very
common; claw knuckleé common ; apodemes occasional;
parts of max1111peds and. ma.x111ae eyes, gllls, .

~parts of antennae. occasmnal
" portion of perelopod ' e
“lcharactbrlstlc claw and portlons of pere1opods
'usually hea\rlly wom or d1gested portlons of Cara-"'_ .
pace “and. perelopods : ‘ S
' :', Jaws extremely common, frequently numerous in a :
s1ng1e gut dent1c1es common' setae extremely com-,'

mon ; ac1cula comnon, occasmnal complete parapod-'
itm; per15tom1a1 c1rr1 occasmnal

* jaws extremely common, frequently nurerous in a .

smgle gut.,,elytra Very common; denticles occa510n-
a1 per1$tom1a1 c1rr1 occasmnal frequently por- .
thIlS of body mtact ' '

only sétde evident ”~

port10n of body. w1th large coxal plates .

shell valves mtact S . ,;“ ‘

some tlssue w1th splcules ' ' o

- portlons .of characterlstlc shell occasmnal oper- o

cula cormrnn

. portlons of shell ccmmon, thlck characterlstlc ,

opercula common b

comp],ete shell

,un1dent1f1ed gastropods small portlons of abraded shell ’-,-; )’ “

e

R L R

et e gL
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, APPENDIX C cont'd.
Pfey organism Characteristics
Anomia aculeata portions of characteristic shell - .
Hiatella arctica one complete valve
Mytilus edulis portions of shell; periostracum extremely com-
' ‘ mon; byssus threads occasional
Tellina agilis ,complete set of valves
, “tnidentified bivalve portions of abraded shell common

Asterias’ vulgaris
Qphiopholis aculeata

.Strongvlocentrotus droe--- spines common; portions ‘of test extremely com- -

.calcareous - portions of arms occasionai

calcareous vertebrae of arm; amnmml small arm’

sp1nes common : : X

'b§9h19255§ mon; pedlcellarla occa51ona1 _portions: of Jaws
: R occa51ona1 ' S ‘

\ . W o, s N N K .
‘bryozoan. ... ' zoec1a w1th splnes occa51ona1 ‘ L

»,
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o APPENDIX D
- Percenfage—df Jimmature lobsters (Homarus americanus) from'Placentia Bay in various moult stages.
;N A 'Col_l_ec.tion dat_é‘ o - o _ 7 Moult stage?
* ’ I . J . i} ' Cy DO D1" gl"f oDyt LDy | D,'" D, recent moult
RO June .4, 1976 28 . 821 179 -2 o o oo ST -
R - June 23, 1976 . 12 . 66.7 25.0 83 - - - N -
E  August 13, 1976 6 - - - - 167 167 167 16.7 33.3
¥ . August 27, 1976 - 13- — 15.4 - P 23.1 7.7 " 53.8
i " Sept: 16, 1976 . 11 5.5 - - - .- - - - 91 T 364
} . Oct. 26, 1976, 7- 1000 - - - . E . - - -
Nov. 18, 1976 5 %100.0 - - - - - - - -
J ‘Nov. 24, 1976 . 13 100.0 - - - - - - - -
Nov. 25, 1976%- - 8 100.0 - - - - - - - - N
‘'a moult stage clas ilflcatlon according to A:Lken .1973.
) b no lobsters in this stage observed :
- -
N
LoD
. . (
_'-_g: .
o ~ - ]
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APPENDIX E

Considerations of gut content analysis

Gut analysis based on indicator particles has been criticised.
by Reddin (1973). He suggested that this method is invalid for deter-
mining diet since lobsters do not seem to actively consume shells except

at moult. This zq.atter statement is 1naccurate In all cases of Jmmature

lobsters feedmgr on e_d 11h1tum diets of Cancer 1rroratu » Mytilus edulis,

‘ and Strongylocentrotus droehachiensis ‘ _enough shell or test was .consunmed .

by lobsters to be readlly detected in the guts While Reddin-"s criti-

c1sms of the '1nd1cator techn1que of gut analysll‘z are not str1ct1y ap—

plicable, some nnportant pomts or assumptmns i
raised. o . |
In the first mstance the sources of indi¢ator ff‘agmeﬁts are

either active predatlon of 11ve prey or mc1de al/dellberate mgestlon

of shell fragments from the bottom Laborato experlments show that in-

. gestion of ‘shell is- common dur1ng feedmg on ¢rabs, mussels,. and sea ur-

chms and ingestion of small hard parts is v/ery probable in the. case of
feedmg on polychaetes and brittlestars, cor/51der1ng the1r 51ze and mor-
phology‘ An’ 1ndeterm1nable proportlon of prey hard parts may or1g1nate

from thé guts of lobster prey such as cra/ s and polychaetes but th1s ‘

must: be emell Delﬁaerate mgestlon of éhell fragments appears to be ‘com-

/

mon J'Iiypost-moult lobsters. 'Ihe h}gh nunber of mollusc spec1es in im- .

. mature lobster guts and the low md1v1dua1 spec1es occurrence support :

thls hypothe51s : Sy LT : f I“

:
n .

. occurrence of prey Species: in 1mmature lobster guts and the percentage

!

[N

erent in the method are

K Several other factors ma.y mfluence the percentage frequenc& Pf N



R 'g’u Thls 15 related to gut clearance tmes.
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of guts in which.a single species is dominant. These are summarised be-

low.

Factors which may bias values for incidence of prey items
in immature lobster guts. .

Percentage frequency of occurrence -of items in lobster guts:

)

"1. The probability of ingestion of indicato_r parts of a.particular prey

species. . .0 S
The length of re51dency of md1cator parts in a lobster gut.

3 Real dlfferences “in . the percentages of the lobster populatlon feed-
‘ :mg on varlous pre)r speC1es. TR o E s

Percentage frequency of occurrence as ‘dominant gut item:.

1. The differential rate of ingestion of indicator parts; i.e., for'a

spec1es A there may be a greater probablllty of consun:mg more 1n- . ,

L]

d1cator parts than for a spec1es B o I RN
2. 'I‘he length of res1dency ‘of md1cator parts in the lobster gut i.e., .

there may be a net accumﬂatlon of hard parts of a partlcular spec1es
to the pomt of dommancy in the gut o T L

3. Sequence of feedmg on’ varlous spec1es, 1. e. ) @ spec1es A was con- Co

o

. sumed more recently than a. spec1es B /and therefore is dommant in' the
4 Assum:mg an equal chance of consummg mdlcator partsr more of ?ne .

1
spec1es was consumed than, any other md.1v1dual spec,1es.
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‘ the per1od of food deprwhtaon mcreased. There were ne obv10us trends

135.

- .In terms of the percentage frequency of occurrence of species

in imnturé.lobster guts, factor 1 will probably cause littlé bias of re- -

sults. Results of the present study show a definite ingestion by im-

‘mature lobsters of prey hard parts, regardiess of the species, Presence

of a species was noted regardless of the relative q‘tlant'ities of hard

parts.

Factor 2 has been suggested by. Burokovskly and Froyerman (1974)

‘ and Peterson a.nd Bradley (1978) as a source of error 1n determmatlon of

© diets of predators. They defmed re51dence t1me as the perlod of t1me :r.

1

K ‘durmg whlch the prey 1Item remams recogmsable 1n the gut. Those prey
;speC1es w1th character1st1ca11y long average re51dence tlmes w111 tend to
Lo ’ _; be overrepresented among the gut contents. Chrlstensen (1970) noted that :
1n the gut contents of an astero1d Astropg_t_gn j gula_r_:.s the res1dence

. ~:~tmes of gut ltems dlffered by as factor of more than 50, substantially

’

.blasmg the determmatlon -of feed;mg prOportlons . ‘Two mdlcatlons in the‘ :
' -present study reduce the pOSSlglllty of factor 2 mfluencmg the value of

‘ ':mmdence of prey 1tems.’ Observatlons ‘of guts of. nmnature lohsters deprlved:"“
: of food or fed d1ets of cod and l:wer showed that prey hard parts regard- -

‘ less of the specws were capable of remammg m the gut for iong per1ods. -

»

" For example parts of all the maJor prey specms could remam in’ lobster T

' guts for at least 10 days albe1t in progresswely smaller quant1t1es as

indlcatmg that parts of some prey were more 11ke1y to have longer gut-
‘;res1dence tmes than other prey, wrth the poss1b1e except1on oﬁ Asterms
| and Strong)glocentrotus m.th apparently shorter re51dence tmes. Second-

1y, the gut evacuatlon rates of hard parts from sea /urchm crab and mus— i

-'g‘ f

sel are apparently qu1te 51m11ar, substantlal clearance of the guts oc- , ;

iiér:'.’
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curring by the third or .fourth day after 'feeding. In the case of lobsters
feeding on Ophlophohs parts of the brittlestar arms were observed 1n the
* faeces w1th1n one’ day after fEaedmg
. 1obsters fed chopped mackerel and held at’ tenperatures of g° C to 12° c.
had guts free of food’ part1c1es on the th°1rd day ‘after feedmg and that )
gastr1c juice was clear by -the. :f1fth day. '
Assumlng that factors 1 and 2 do not 51gn1f1cant1y b1as percen--'
tage frequenC1es o£ .occurrence of prey in 1mmature ‘lobster guts then the

thu‘d factor real dlfferences in® the prOportmn of the lobster populatlon

feedmg on prey, must be the factor w1th the greatest 1nf1uence on percen— ' b .'

tage frequency of occurrence of gut 1tems . o -‘5{“'3. -="'-_",{

SeVeral factors may mfluence the recorded percentage frequency

. ‘; .

of occurrence of domlnant gut 1tems‘ N Factor 1 1n the preVJ.ous surmary

o

) may mfluence dommancy values.,

dlfferent quant1t1es of hard parts. ' For example, an 1ngested nere1d would

: probably contr1bute fewer hard parts in the gut of an nmnature lobster

than an mgested crab Although the same quant1ty of tlssue may be m—"f

]

gested the gut would show a greater contr1but1on of crab parts to the

Brockerhoff e; al. (1970) found that.'

A

TWO p!‘eY 5pec1es of equal mass may haveg_,

total volume of gut contents & However the mfluence of factor 1 1s n;m-

1m1sed 1f capture of the lobster tb be exammed occm‘s soon after 1ngest- 1-'

1on of 1ts last meal before s1gn.1f1cant d1gest10n of the soft tlssues has 'j.f':"

occurred For example, m the case’ of pol)*chaetes bemg dommant 1n the

gut, cons1derable quant1t1es of soft tlssues m.th assoc:.ated hard parts v

were observed Table 19 (p. 58) mdlcates that'*Factor 1 hhs a neghglble -

T
: Effect on darunancy values when canparmg d1ets of C_anggr M)gu]_us and

Strongxlxentro_t_u; S R

- - - Lt
.l"S

Factur Z probably has 11ttle mﬂuegce on perEentage frequencles

of occurrence for reasons stated above (lengths of res1dency of 1tems 1n
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L)

- immature lobster guts are similar). Assuming that gut clearance rates

~

are‘ app‘rox‘imate:ly the .same regardless of prey species, and that factor 1
does not have a profound effec_t:i r;acorded occurrence values, the last
species ;ccmsumed before capture of the lobster will probably be the dom-
inant item 1n the gut. Experiments in the laboratofy indicated that last
meals alwa;rs c9ntributed the greatest proportion to the total volume of
gut items, at least within eight days of the lést feeding. If actor 3

is generally operative, then the values for dominancy of gut items can be

. considered equivalent to the percentages of the population feeding on cef—

tain specieé just before'c‘aptul"e.. Factor 4 probably has a f‘eal‘ effect

o on,d_omj.na_ﬁcy values as well. ‘If more of one species is.consumed than.
X other ;ﬁdiyi_d@l’ species duting a‘si'n'g'lel,feelding -pe;;_iod such as one night;

‘then that specieswill be domihant iri the gut, This is intuitively ob- -

.
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